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CALFED BAY-DELTA PROGRAM
ECOSYSTEM RESTORATION PROGRAM PLAN

OVERVIEW remain in decline. In spite of constant human
intervention to repopulate fish and wildlife that
have commercial, recreational, and biologiqal
importance to society (e.g., hatchery programs

The mission of the CALFED Bay-Delta Program and expensive re-engineered water diversions),
is to develop a long-term comprehensive plan thatpopulations have not been sustained at stable,
will restore ecosystem health and improve waterhealthy levels that support historic utilization of
management for beneficial uses of the Bay-Deltathose resources.
system: The Program addresses problems in four
resource areas: ecosystem quality, water quality,Historic efforts at individual species regulation
levee system integrity, and water supplyand management will be replaced by an integrated
reliability. Programs to address problems in thesystems approach that aims to reverse the
four resource areas will be designed andfundamental causes of decline in fish and wildlife
integrated to fulfill the CALFED mission, populations. A systems approach will recognize

the natural forces that created historic habitats and
The goal for ecosystem quality is to improve anduse these forces to help regenerate habitats. The
increase aquatic and terrestrial habitats andBay-Delta ecosystem is not simply a list of
improve ecological functions in the Bay-Delta tospecies. Rather, it is a complex living system
support sustainable populations of divers~ andsustained by innumerable interactions that are
valuable plant and animal species. The CALFEDphysical, climatic, chemical, and biological in
Ecosystem Restoration Program Plan (ERPP)nature, both within and outside of the geographic
addresses this goal. The foundation of the ERPPboundaries of the Delta. The central theme of the
is restoration of ecological processes that are
associated with streamflow, stream channels,
watersheds, and floodplains. These processes
create and maintain habitats essential to the life
history of species dependent on the Delta. In
addition, the Program aims to reduce the effects
of stressors that inhibit ecological processes,
habitats, and species.

The ecological hub of the Central Valley is the
Sacramento-San Joaquin Delta and Bay. The
ERPP signals a fundamental shift in the way
ecological resources of the Central Valley are
managed. For many decades, government
entities, non-profit organizations, and the private
sector have engaged in managing, protecting,
regulating, and in some cases breeding fish and
wildlife species of the Bay and Delta - yet many
populations have not recovered sufficiently and

~ ~
Ecosystem ProgramVolume1: Restoration Plan
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ERPP is the recognition that truly durable andbe required. For example, streambed gravel may
resilient populations of all fish and wildlifehave to be introduced, habitats may have to be
inhabiting the Bay and Delta require, above allconstructed, and vegetation planted. Still, an ~l~
else, the rehabilitation of ecological processesimportant part of the approach is to recommend
throughout the Central Valley river and estuarymeasures that in the long-term will limit the need
systems and watersheds, for continued human intervention.

The ERPP is fundamentally different from manyImplementation of the ERPP is further guided by
past efforts in another way as well. It is notthe recognition that all landscape units and
designed as mitigation for projects to improvephysical and biological components of the
water supply reliability or to bolster the integrityecosystem ~ are interdependent and dynamic.
of Delta levees; improving ecological processesInterdependence means that actions and stressors
and increasing the amount and quality of habitatin one part of the system can and do affect
are co-equal with other program goals related topopulations and conditions that may be separated
water supply reliability, water quality, and leveeby hundreds of miles (e.g., in watersheds and
system, integrity. Solving serious and long-spawning tributaries), or affect the food web in
standing problems in each of these resource areasways that may not be felt for several years.
will require an ambitious, integrated, long-term
program. Dynamic refers to the exposure of natural systems

to constant cycles of change in response to both
The ERPP, like all components of Bay-Delta human and natural factors. Most habitats undergo
solution alternatives, is being developed andexpansions and contractions, or shifts in space and
evaluated at a programmatic level. The complextime. The dynamic nature of healthy habitats is
and comprehensivenatureofaBay-Deltasolutionthe cause of much biological diversity, and
means that it will necessarily be composed ofcomplex habitats tend to make species
many different programs, projects, and actionspopulations more resilient to change. If the
that will be implemented over time. During themosaic of habitats distributed across a broad
current phase of the Program, solution alternativeslandscape is complex, and if large areas of habitat
will be evaluated as sets of programs and projectsare connected by smaller patches and corridors
so that broad benefits and impacts can besuch as those associated with riparian systems,
identified. In the next phase of the Program, morethen healthy areas of the ecosystem can be relied
focused analysis, environmental documentation,upon to sustain species during temporary setbacks
and implementation of specific programs andin other areas.
actions will occur.

,~.

The CALFED goal for ecosystem quality will be GEOGRAPHIC SCOPE
achieved by developing implementation
objectives and targets and programmatic actions

¯ that can be implemented to restore ecologicalThe geographic scope of the ERPP is defined by
processes. The restoration of these processes isthe interdependence and linkage of watersheds,
intended to restore and maintain habitats, and tostreams, rivers and the Bay-Delta and the complex
provide for the needs of the species dependent onlife histories of the dependent fish, wildlife and
a healthy Bay-Delta system. For example,plant communities. The restoration of ecological
restoring stream channels contributes toprocesses requires implementation of actions
sediments, nutrients, and a-variety of habitats,throughout much of the Central Valley, its upper
The strategy recognizes that not all processes canwatersheds, the Bay-Delta, and near-shore ocean.
or should be completely resto~:ed and thatThe primary geographic focus is the Bay-Delta, Iintervention, manipulation, and management will

¢_At~ .Volume 1: Ecosystem Restoration Program Plan I
-~ ~¥.DELTA Visions for Ecosystem Elements

~, PI~OG~d Draft." March 1998

I
C--006265

(3-006265



the Sacramento River, the San Joaquin River, andmonitoring of indicators to measure improvement
their tributary watersheds directly connected toover time, focused research, and phasing of
the Bay-Delta system below major dams andactions.
reservoirs. Secondarily, the ERPP addresses, at a
programmatic level, the near-shore ocean and theIndicators are features or attributes of the
upper watersheds above the major dams. ecosystem that are expected to change over time

in response to implementation of the ERPP.
The primary geographic focus area for the ERPPIndicators are selected to provide measurable
can be divided into 14 zones, each characterizedevaluations of important ecological processes,
by a predominant physical habitat type andhabitats, and species whose status individually
species assemblage (Figure 1). These 14and cumulatively provide an assessment of
ecological zones constitute the geographic areasecological health. Indicators of ecosystem health
in which the majority of restoration actions willare the gauge~ we will used to measure progress
occur. The upper Watersheds surrounding thetoward the goal. Some indicators are very broad
primary focus area are important and addressedin scale while others are very specific. For
through general actions that focus on watershedexample, a very broad or landscape level indicator
processes, of ecosystem health might be a comparison of the

total area of riparian forest to historic coverage or
an evaluation of the average distance between

IMPLEMENTATION STRATEGY patches of such forest with closer patches
indicating better health than more distant patches.
A more specific indicator might be. the
concentration of toxic substances in the flesh ofA large and diverse ecosystem like the Bay-Delta
adult striped bass.is extremely complex. There are many processes

and relationships at work in the ecosystem that are
not fully understood. Thus, there are manyComprehensive monitoring is the .process of

difficulties and uncertainties associated with ameasuring the abundance, distribution, change or
status of indicators. For example, contaminantprogram to improve ecosystem health. In some
concentrations in fish tissues can be measured atcases, Problems are well understood and the steps

to improvement are clear. In other cases, there isvarious locations and times in the system to

some understanding of the reasons for decline butdetermine if contaminant levels are changing.

this understanding is not sufficient to warrant full-This will allow progress to be measured, allow
actions to be modified if necessary, and providescale implementation of remedial measures. In

still other cases, additional research is needed
assurances that the restoration objectives are

before solutions can be identified with certainty,
being achieved.

The difficulties and uncertainties of ecosystemFocused research will help answer questions

restoration call for an implementation strategy,about the system and its components and increase

that is flexible and can accommodate and respondthe certainty surrounding the relationships of

to new information. The foundation of the ERPPecological processes, habitats, and species. For

implementation    strategy    is    adaptiveexample, the relationships among streamflow,
storm events, flow-related shaping of rivermanagement. Adaptive management is a process

of testing alternative ways of meeting objectives,channels to modify habitat, and the physical and

and adapting future management actionschemical signals that flow provides for aquatic

according to what is learned. Adaptivespecies all need to be better understood for

management relies upon the identification ofeffective management of the system.

indicators of ecosystem health, comprehensive

F Cht~
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Phasing is the logical sequence of implementing using the conceptural models and on-the-
restoration actions to achieve CALFED goals as ground research. The results from these
effectively as possible. Phasing will consider all experiments will feed back into the adaptive
targets and programmatic actions and will be used management process and will support
to prioritize actions. For example, actions proposed actions, suggest revisions to actions,
directed at recovering endangered species and and identify needs for further research.
which are consistent with the long-term
restoration program and contribute to ecological5. Conduct immediate focused research to
resilience have a high priority. Early phases of improve understanding of the ecosystem and
the program will include restoration of ecological the causes of identified problems identified in
processes and habitats that are most important for the conceptual models and testable
endangered species recovery, reduction of hypotheses. Use results from short-term
stressors that affect threatened and endangered studies to adjust the way that objectives are
species, and other actions that may reduce achieved, making refinements to the final
conflicts between beneficial uses in the system. ERPP targets, actions, and implementation
As restoration progresses and threats to schedule.
endangered species are reduced or eliminated,
restoration efforts can expand and focus on the6. Develop and begin a phased
broader issue of restoring ecological health, implementation program that entails:

The ERPP will be refined and implemented ¯ short-term implementation of ecosystem
according to the steps listed below, restoration demonstration projects (e.g.,

through Category III and related
1. Refine the ERPP based on broad public programs), including stressor reduction

participation, and using the best scientific measures, to help threatened populations
knowledge currently available in the short begin recovering and to test the viability
term. and effectiveness of targets and actions,

2. Create an Ecosystem Science Program to ¯ coordinated monitoring, evaluation, and
provide ongoing scientific evaluation of the reporting of the results of recovery
ERPP. The Science Program will be a efforts, and the status of ecological
collaborative effort among local and national, indicators in the Bay-Delta and other
independent stakeholder and agency scientists zones, and
and technical experts convened to address
outstanding scientific issues and review the ¯ adaptive management of each successive
ERPP. phase of ERPP implementation, including

pragmatic adjustments to ecosystem
3. Prepare conceptual models to describe the targets, funding priorities, and restoration

Bay-Delta ecosystem and the proposed techniques to ensure that public and
actions of the ERPP. Conceptual models are private resources are well spent and
graphic and quantitative representations of complement other related efforts.
ecosystem processes, habitats, species, and
stressor interrelationships. Conceptual modelsDuring refinement and implementation of the
will be used to test ERPP hypotheses. ERPP, public accountability and program

effectiveness will be assured through continuing
4. Develop testable hypotheses for proposed public involvement as well as environmental

ERPP actions. The hypotheses underlying theimpact analysis and documentation.
ERPP will be tested through experiments
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TERMS USED IN THE ERPP ¯ STRESSORS: Stressors are natural and
unnatural events or activities that adversely
affect ecosystem processes, habitats, and

The following terms are used in the ERPP: species. Environmental stressors include
water diversions, water contaminants, levee

Ill ECOSYSTEM ELEMENT: An ecosystem confinement, stream channelization and bank

element is a basic component or function
armoring, mining and dredging in streams and
estuaries, excessive harvest of fish andwhich, when combined with other ecosystem
wildlife, introduced predator and competitorelements, make up an ecosystem. An
species, and invasive plants in aquatic andecosystem element can be categorized as a riparian zones. . Some major stressors

process, habitat, species, species community affecting the ecosystem are permanent
or stressor, features on the landscape, such as large dams

¯ ECOLOGICALPROCESS:Ecol0gicalprocesses and reservoirs that block transport of the
natural supply of woody debris and sedimentact directly, indirectly, or in combination, to
in rivers or alter unimpaired flows.

shape and form the ecosystem. These include
streamflow, watershed, stream channel, and VISION: A vision .is what the ERPP will
floodplain processes. Watershed processes are
closely linked to streamflow and include fire accomplish with the stated objectives, targets,

and erosion. Stream channel processes and programmatic actions for an ecological

include stream meander, gravel recruitment process, habitat, species or species group,

and transport, water temperature, and
stressor, or geographical unit. The vision
statements included in the ERPP provide

hydraulic conditions. Floodplain processes
include overbank flooding and sediment technical    background to    increase

retention anddeposition,
understanding of the ecosystem and its
elements. Two types of vision statements are

¯ I-IABITATS: Habitats are areas that provide included in the ERPP: visions for ecosystem
elements and visions for ecological zone. Aspecific conditionsnecessaryto support

plant, fish, and wildlife communities. Some resource vision addresses an individual

important habitats include gravel bars and ecological processes, habitat, species or

riffles for salmon spawning beds, winter
species group, or stressor, while an.

seasonal floodplains that support juvenile fish
ecological zone vision addresses the

and waterbirds, and shallow near-shore
integration of ecological processes, habitats,

habitat shaded rule          species, and stressors within a clearlyaquatic byoverhanging
marsh and riparian forest, delineated geographical area. Cumulatively,

the visions also provide detailed descriptions

¯ SPECIES AND SPECIES GROUPS: Certain of the ecosystem and its elements as they will

species or groups of species are given look and function after restoration is

particular attention in the ERPP. This focus accomplished.

is based on three criteria that might be met by
IMPLEMENTATION OBJECTIVE: Ana species: 1) it is threatened, endangered, or

a species of special concern (e.g., delta
implementation objective is themostspecific
and detailed description of what the ERPP

smelt); 2) it is economically important,
supporting a sport or commercial fishery strives to maintain or achieve for an

ecosystem element. Implementation(e.g., striped bass); or 3) it is an important
prey species (e.g., Pacific herring),

objectives are not intended to change over the
life of the program. For example, the
implementation objective for tidal perennial

~ O£F~
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aquatic habitat is to increase the area of
shallow-water and intertidal mudflat habitat S p e e i e s
to improve conditions that support increased ..........
primary and secondary productivity; provide |rearing and foraging habitat, and escape cover
for fish; and provide foraging .and resting
habitat, and escape cover for water birds. H a b it a t s

[] TARGET: A target is a qualitative or
quantitative statement of an implementation E e o I o g i e a I !objective. Targets are something to strive for P r o e e s s e s
but may change over the life of the program
with new information and progress, or may
vary according to the configuration of storage
and conveyance in all alternatives. Targets
may include a range of values or a narrative
description of the proposed future value of an Figure 2. Relationship of ecological, processes,

ecosystem element. Targets are to be sethabitats, and species in the Ecosystem Restoration

based upon realistic expectations, must be Program Plan.

balanced against other resource needs and[] PROGRAMMATIC ACTION: A programmatic
must be reasonable, affordable, cost effective, action represents a physical, operational,
and practicably achievable, legal, institutional change or alternative

means to achieve a target. The number of
The intent of the ERPP is to achieve actions and their level of implementation is
ecosystem health; targets are flexible tools to subject to adjustment by adaptive
guide the effort. The level of implementation management. For example, the number of
for each target will be determined or adjusted diversions screened may be adjusted up or
through adaptive management. Targets are down depending on the overall response of
categorized according to the three levels of ¯ fish populations to screening and other
certainty described above: (1)targets that restoration actions.
have sufficient certainty of success to justify ’ill
full implementation in accordance with An example of a programmatic action is to
program priorities and phasing; (2) targets develop a cooperative program to acquire and
which will be implemented in stages withthe restore 1,500 acres of shallow-water habitat in
appropriate monitoring and evaluation to the Suisun Bay and Marsh Ecological Zone.
judge benefits and successes; and (3) targets
for which additional research, demonstrationThe relationship of ecological processes, habitats,
and evaluations are needed to determineand species is presented in Figure 2.
feasibility or ecosystem response. .~.

example of a target for tidal perennial ORGANIZATION OF THE PLANAn
aquatic habitat is to restore 1,500 acres of
shallow-water habitat in the Suisun Bay and
Marsh Ecological~Unit, and restore 1,000 The ERPP is comprised of three volumes:
acres of shallow-water habitat in the San
Pablo Bay Unit. [] Volume I: Visions for Ecosystem Elements,

Volume I: Ecosystem Restoration Program Plan
Visions for Ecosystem Elements
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¯ Volume II: Ecoiogical Zone Visions, INTRODUCTION TO VOLUME I

¯ Volume m: Vision for Adaptive Manage-
ment Volume I (Visions for Ecosystem Elements)

contains information related to important

VOLUME I: VISIONS FOR ECOSYSTEM ELEMENTS      ecological    processes    and    functions,
habitats,species, and stressors which impair or

presents the visions for ecological processes andotherwise adversely effect the other ecosystem
functions, fish and wildlife habitats, species, andelements. Individually and cumulatively, the
stressors that impair the health of the processes,visions for the ecosystem elements establish the
habitats, and species. The visions presented infoundation and scientific basis of the ERPP.
Volume I are the foundation of the ERPP and
displays how the many ecosystem elements relateVolume’ I is divided into four sections: (1)
to one another and establishes a basis for actionsecological process visions, (2) habitat visions, (3)
which are presented in Volume II. species visions, and (4) visions for reducing or

VOLUME II: ECOLOGICAL ZONE VISIONS
eliminating stressors. Each section follows the
same format and begin with introductory

presents the visions for the 14 ecological zonesinformation regarding the ecosystem elements.
and their respective ecological units. EachThree introductory tables summarize the
individual ecological zone vision contains a briefimplementation objectives, basis for selections as
description of the ecological zone and units,
important ecological functions associated with the

an ecosystem element, and the distribution of

zone, important habitats, species which use theecosystem elements by ecological zone.

habitats, and stressors which impair, theIndividual visions begin with an introduction
functioning or utilization of the processes andfollowed by a description of the relevant process,habitats. Volume II also contains implementationhabitats, species, or stressor. These are followed
objectives, targets, and programmatic actions
which describe theERPPapproachto improving

by the ERPP vision for the element, how
restoration of the process, habitat, or species, orthe ecological health of the zone and itsreduction oreliminationofthestressorintegrates

contribution to the health of the Delta. Rationale
are also contained in Volume II which clarify,

with other ongoing restoration or management

justify, or support the targets and programmatic
programs. The relationship or linkage of the

actions,
ecosystem elements to other elements is then
discussed followed by a presentation of the
implementation objective, targets, and summary

VOLUME III: VISION FOR ADAPTIVE
of programmatic actions. ’

I~ANAGEMENT provides the ERPP approach to
adaptive management and contains the proposedThe identity and summary visions for each
plans for indicators of ecological health, a
monitoring program to acquire and evaluate the

ecosystem element fol!ow in Table 1.

data needed regarding indicators, a program of
focused research to acquire additional data needed
to evaluate program alternatives and options, and
the.approach to phasing the implementation of the
ERPP over time.
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TABLE 1. SUMMARY OF VISIONS FOR ECOSYSTEM ELEMENTS

Ecosystem Element Vision Summary

ECOSYSTEM PROCESSES

The vision for Central Valley streamflows is to protect and enhance the
CENTRAL VALLEY        ecological functions that are achieved through the multitude of physical and

biological processes that operate within the stream channel and associated
STREAMFLOWS riparian and floodplain areas in order to contribute to the recovery of species

and the overall health of the Bay-Delta.

The vision for natural sediment supply is to provide a sustained supply of
alluvial sediments that are transported by rivers and streams and distributed to

NATURAL SEDIMENT riverine bed deposits, floodplains, channel bars, riffles, shallow Shoals, and
SUPPLY mudflats, throughout the Sacramento-San Joaquin Valley, Delta, and Bay

regions. This would contribute to habitat structure, function, and foodweb
production throughout the ecosystem.

The vision for stream meander is to conserve and reestablish areas of active
STREAM MEANDER stream meander, where feasible, by implementing stream conservation

programs, setting levees back, and reestablishing natural sediment supply to
restore riverine and floodplain habitats for fish and wildlife.

The vision for natural floodplains and flood processes is to maintain or restore
NATURAL FLOODPLAINS AND the processes that sustain them by conserving existing intact floodplains and

FLOOD PROCESSES modifying or removing barriers to overbank flooding to reestablish aquatic,
wetland, and riparian floodplain habitats.

The vision for Central Valley stream temperatures is to restore natural seasonal
CENTRAL VALLEY patterns.of water temperature in streams, rivers, and the Delta by protecting

STREAM TEMPERATURES and improving ecological processes that regulate water temperature and
reducing stressors that change water temperature.

The vision for hydraulic processes in the Sacramento-San Joaquin Delta is to
BAY-DELTA           restore channel hydraulics to conditions more like those that occurred during

the mid-1960s. Historical hydraulic conditions provided migratory cues forHYDRAULICS aquatic species; transport flows for eggs, larvae, and juvenile fish; and
transport ofsediments and nutrients.

The vision for the Bay-Delta aquatic foodweb is to restore primary and

B~Y-DELTA AQUATIC
secondary production to ~vels comparable to those during the 1960s and early
1970s. Restoring the Bay-Delta foodweb would require enhancingFOODWEB productivity and reducing loss of productivity as a result of water exports from
the system, particularly in drier years.

The vision for upper watershed health and function is to reduce the level of
stressorsincludingwildfire,erosion,excessive timber harvest and livestock

UPPER WATERSHED grazing, and other damaging land use management practices that constrain
PROCESSES: FIRE AND EROSION watershed health and the ability to contribute to the health of the Bay-Delta

ecosystem.
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Ecosystem Element Vision Summary

!                              HABITATS
The vision for tidal perennial aquatic habitats is to increase the area and
improve the quality of existing connecting waters associated with tidal
emergent wetlands and their supporting ecosystem processes. Achieving this
vision will assist in the recovery of special-status fish populations and provideTIDAL PERENNIAL high-quality aquatic habitat for other fish and wildlife dependent on the Bay-

’ AQUATIC HABITAT Delta. Restoring tidal perennial aquatic habitat would also result in higher
water quality and increase the amount of shallow-water and mudflat habitats;
foraging and resthag habitats and escape cover for water birds; and rearing and
foraging habitats, and escape cover for fish.

The vision for nontidal perennial aquatic habitat is to increase the area and

i NONTIDAL PERENNIAL improve the quality of existing open-water areas to provide high-quality
habitat for waterfowl and other water birds. This vision can be achieved as a

AQUATIC HABITAT        component of saline and freshwater emergent wetland restorations.

The vision for Delta sloughs is to increase the area and improve the quality of
interconnected dead-end and open-ended Delta sloughs. Achieving this vision
will assist in the recovery of special-status fish and wildlife populations,

DELTA SLOUGHS provide shallow-water habitats for fish spawning and rearing, and provide
aquatic, wetland, and riparian habitat for wildlife. Existing sloughs would be
protected and enhanced and the area of tidal slough habitat would be increased.

’i MIDCHANNEL ISLANDS The vision for midchannel islands and shoals is to increase the area and protect
AND SHOALS the quality 0f existing habitat for fish and wildlife dependent on the Bay-Delta.

i The vision for saline emergent wetlands is to increase the area and protect the

SALINE EMERGENT quality of existing saline emergent wetlands from degradation or loss. Wetland
habitat will be increased to assist in the recovery of special-status plant, fish,

~/ WETLAND and wildlife populations. Restoration will provide high-quality habitat for other
fish and wildlife dependent on the Bay-Delta.

i
The vision for fresh emergent wetlands is to increase the area and improve the

FRESH EMERGENT quality of existing fresh emergent wetlands from degradation or loss and

WETLAND increase wetland habitat. Achieving this vision will assist in the recovery of
special-status plant, fish, and wildlife populations, and provide high-quality

i habitat for other fish and wildlife dependent on the Bay-Delta.

The vision for seasonal wetlands is to increase the area and improve the quality
of seasonal wetlands by restoring ecosystem processes that sustain them and

1
reduce the effect ofstressors that can degrade the quality of seasonal wetlands

SEASONALWETLANDS in order to assist in the recovery of special-status plant and animal populations
and provide high-quality habitat for waterfowl, water birds, and other wildlife
dependent on the Bay-Delta.

i
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I
Ecosystem Element Vision Summary

The vision for riparian and riverine aquatic habitats is to increase their area and             "I,.
protect and improve their quality. Achieving this vision will assist in the I
recovery of special-status fish and wildlife populations and provide high-

RIPARIAN AND RIVERINE quality habitat for other,fish and wildlife dependent on the Bay-Delta. The
AQUATIC HABITATS vision includes restoring native riparian communities ranging from valley oak

woodland associated with higher, less frequently inundated floodplain I
elevations to willow scrub associated with low, frequently inundated floodplain
elevation sites such as streambanks, point bars, and inchannel bars. i
The vision for inland dune scrub habitat is to protect and enhance existing

INLAND DUNE SCRUB HABITAT areas and restore former habitat areas. Achieving this vision will provide high-
quality habitat for associated special-status plant and animal populations.

The vision for perennial grassland is to protect and improve existing perennial
grasslands and increase grassland area. This vision is a component of restoring

PERENNIAL GRASSLAND wetland and riparian habitats. Achieving this vision will provide high-quality
habitat for special-status plant and wildlife populations and other wildlife
dependent on the Bay-Delta.

The vision for agricultural lands is to improve associated wildlife habitat
values to support special-status wildlife populations and other wildlife
dependent on the Bay-Delta. Protecting and enhancing agricultural lands for ,i
wildlife would focus on encouraging production of crop types that provide

AGRICULTURAL LANDS high wildlife habitat value, agricultural land and water management practices
that increase wildlife habitat value, and discouraging development of
ecologically important agricultural lands for urban or industrial uses in the

ISacramento-San Joaquin Delta and Suisun Marsh/North San Francisco Bay
Ecological Zones ....

SPECIES AND SPECIES GROUPS

The vision for delta smelt is to ensure the recovery of this State- and federally
listed threatened species in order to contribute to the overall species richness

DELTA SMELT          and diversity of the Bay-Delta. Achieving this vision will reduce the conflict
between protection for this species and other beneficial water uses in the Bay-
Delta. Increases in the population and distribution of delta smelt can be
realized through habitat restoration accompanied by reductions in stressors.

The vision for longfin smelt is to improve the population of this species of
special concern in the Bay-Delta estuary so that it resumes its historical levelsI

LONGFIN SMELT         of abundance and its role as an important prey species in the Bay-Delta aquatic

foodweb.

Assist in the recovery of the ofsplittail, a species proposed for listing under the             ’I

federal Endangered Species Act (ESA) and a candidate for listing under the
SPLITTAIL Califomia ESA in order to contribute to the overall species richness and

diversity and to reduce conflict between protection for this species and other
beneficial uses of water in the Bay-Delta.
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Ecosystem Element Vision Summary

!
The vision for white and green sturgeon is to restore population distribution
and abundance to historical levels. Restoration of these species would support

WHITE AND a sport fishery for white sturgeon, ensure recovery of the green sturgeon

~l~ GREEN STURGEON population, and contribute to overall species richness and diversity and reduce
conflict between the need for protection for these species and other beneficial
uses of water in the Bay-Delta.

The vision for Central Valley chinook salmon is to achieve naturally spawning
population levels that support and maintain ocean commercial and ocean and
inland recreational fisheries, and that fully use existing and restored habitats.

CHINOOK SALMON        This vision will contribute to the overall species diversity and richness of the
Bay-Delta system and reduce conflict between protection for this species and
other beneficial uses of water and land in the Central Valley.

The vision for Central Valley steelhead trout is to achieve naturally spawning
populations of sufficient size to support inland recreational fishing and that
fully use existing and restored habitat areas. Achieving this vision will

STEELHEAD TROUT       primarily require restoring degraded spawning and rearing habitats, enhancing
fish passage to historic habitat, and supporting angling regulations consistent
with steelhead trout population recovery. This vision is consistent with
restoring populations of steelhead to levels that eliminate the need for any
future protection under the State and federal Endangered Species Acts (ESAs).

The vision for striped bass is to restore populations to their 1960s level of

,/ STRIPED BASS abundance to support a sport fishery in the Bay, Delta, and tributary rivers, and

| to reduce the conflict between protection of striped bass and other beneficial
uses of water in the Bay-Delta.

~,’ The vision for American shad is to maintain a naturally spawning population

AMERICAN SHAD that supports a sport fishery similar to the fishery that existed in the 1960s and
1970s. Achieving this vision will reduce the conflict between protection of
this species and other beneficial uses of water in the Bay-Delta.

The vision for resident fish species is to maintain and restore the distribution
and abundance of native species, such as Sacramento blackfish, hardhead, tule

i . perch, .and Sacramento perch; and non-native species, such as white catfish,

RESIDENT FISH SPECIES largemouth bass, and threadfm shad, to support a sport fishery and healthy
nongame fish populations. Although the Sacramento perch no longer occurs

i in the Delta, it is included with resident native species because actions to
maintain and restore other resident species populations would benefit
Sacramento perch in the event they are reintroduced to the Delta.

i MARINE/ESTUARINE FISHES The vision for marine/estuarine fishes is to restore populations to levels that
. AND existed in the early 1980s through restoration of habitat and aquatic foodweb,

LARGE INVERTEBRATES and improvements in winter-spring Delta outflow.

I~ BAY-DELTA AQUATIC The vision for the Bay-Delta aquatic foodweb organisms is to restore the Bay-

FOODWEB ORGANISMS Delta estuary’s once-productive food base of aquatic algae, organic matter,
microbes, and zooplankton communities.

~.
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Ecosystem Element Vision Summary

The vision for the western spadefoot and the California tigersalamander is to
WESTERN SPADEFOOT AND assist in the recovery of these species in the Bay-Delta. Achieving this vision

CALIFORNIA TIGER wil! contribute to overall species richness and diversity and reduce conflict
SALAMANDER between the need for their protection and other beneficial uses of land and

water in the Bay-Delta.

The vision for the California red-legged flog is to assist in the recovery of this
federally listed threatened species. Achieving this vision will contribute to theCALIFORNIA RED-LEGGED overall species richness and diversity and to reduce conflict between protectionFROG for this species and other beneficial uses of land and water in the Bay-Delta.

The vision for the giant garter snake and westem pond turtle is to assist in their
GIANT GARTER SNAKE AND recovery in order to contribute to the overall species richness and diversity.

WESTERN POND TURTLE Achieving this vision will reduce the conflict between protection for this
species and other beneficial uses of land and water in the Bay-Delta.

The vision for the Swainson’s hawk is to assist in the recovery of this State-
listed threatened species to contribute to the overall species richness and

SWAINSON’S HAWK       diversity. Achieving this vision will reduce conflict between protection for this
species and other beneficial uses of land and water in the Bay-Delta.

The vision for the California clapper rail is to assist in ,the recovery of this
State- and federally listed endangered species to contribute to overall species

CALIFORNIA CLAPPER RAIL richness and diversity. Achieving this vision will reduce conflict between the
need for its protection and other beneficial uses of land and water in the Bay-
Delta.

The vision for the California black rail is to assist in the recovery of this State-
listed threatened species to contribute to overall species richness and diversity.

CALIFORNIA BLACK RAIL     Achieving this vision will reduce conflict between the need for its protection
and other beneficial uses of land and water in the Bay-Delta.

The vision for the greater sandhill crane is to assist in the recovery of this
State-listed threatened species in the Bay-Delta. Recovery of th~ greater

GREATER SANDHILL CRANE sandhill cane would contribute to overall species richness and diversity.
Achieving this vision will reduce conflict between the need for its protection
and other benefidial uses of land and water in the Bay-Delta.

The vision for the western yellow-billed cuckoo is to assist in the recovery of

WESTERN YELLOW-BILLED this State-listed endangered species. Recovery of this species would contribute
to overall species richness and diversity. Achieving this vision will reduce

CUCKOO conflict between the need for its protection and other beneficial uses of land
and water in the Bay-Delta.

The vision for the bank swallow is to assist in the recovery of this State-listed
threatened species. Recovery of the bank swallow would contribute to overall

BANK SWALLOW species richness and diversity. Achieving this vision will reduce conflict
between the need for its protection and other beneficial uses of land and water
in the Bay-Delta.
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Ecosystem Element r Vision Summary

SUISUN SONG The vision for the Suisun song sparrow is increase the habitat of this species
SPARROW of concern in Suisun Marsh and the western Delta.

The vision for the salt marsh harvest mouse is to assist in the recovery of this
State- and federally listed endangered species through restoring salt marsh in

SALT MARSH San Pablo and Suisun Bays and adjacent marshes. Existing occupied and
HARVEST MOUSE unoccupied suitable habitat areas will be protected. Saline emergent wetlands

will be restored. Stressors to the population and habitat will be reduced, new
populations will be introduced into unoccupied habitat areas.

t The vision for the riparian brush rabbit is to assist in the recovery of this State-
= RIPARIAN BRUSH RABBIT listed endangered species in the Bay-Delta through improvements in riparian

habitat and reintroduction to its former habitat.

i

The vision for the shorebird and wading bird guild is to maintain healthy
SHOREBIRD AND " populations of shorebirds and wading birds through habitat protection andWADING BIRD GUILD       restoration and reduction in stressors.

The vision for waterfowl is to maintain healthy populations at levels that can
WATERFOWL          support consumptive (e.g., hunting) and nonconsumptive (e.g., birdwatching)

~uses consistent with the goals and objectives of the Central Valley Habitat Joint
Venture as part of the North American Waterfowl management Plan.

The vision is to maintain healthy populations of upland game species at levels
that can support both consumptive (e.g., hunting) and nonconsumptive (e.g.,

UPLAND GAME         birdwatching) uses, through protection and improvement of habitats and

reduction in stressors.

The vision for the neotropical migratory bird guild is to maintain healthyNEOTROPICAL MIGRATORY populations ofneotropical migratory birds through restoring habitats on whichBIRD GUILD they depend.

The vision for special-status plant species is to contribute to their continuedSPECIAL-STATUS PLANT existence by protecting and preserving important habitat sites within the Bay-
SPECIES Delta.

The vision for plant community is to protect existing and rehabilitategroups
PLANT COMblUNITY GROUPS degraded habitats that support the diverse assemblages of plants in the Bay-

Delta.

The vision for the Lange’s metalmark, the delta green ground beetle, and
LANGE’S METALMARK, valley elderberry longhorn beetle is to assist in maintaining the existing
DELTA GREEN GROUND Lange’s metalmark population and by maintaining its abundance, and to assist

BEETLE, AND in the recovery of the delta green ground beetle and valley elderberry longhorn
VALLEY ELDERBERRY beetle by increasing their populations and abundance through habitat

LONGHORN BEETLE restoration.

STRESSORS

i ~1~ ~
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Ecosystem Element Vision Summary

The vision for water diversions is to reduce the adverse effects of water
diversions, including entrainment of all life stages of aquatic species,i

WATER DIVERSIONS Achieving this vision will assist in the recovery of State- and federally listed
fish species, improve important sport fisheries, and improve the Bay-Delta
aquatic foodweb.

The vision for dams, reservoirs, weirs, and other structures is to reduce their

DAMS, RESERVOIRS, WEIRS,
adverse effects by improving fish passage and enhancing downstream fish

1AND OTHER STRUCTURES habitat. Reducing these adverse effects will assist in the recovery of State- and
federally listed fish species and contribute to sustainable sport and commercial
fisheries.

The vision for levees, bridges, and bank protection is to reduce the adverse
LEVEES, BRIDGES, AND effects of these structures in order to improve riverine and floodplain habitat

BANK PROTECTION conditions to assist in the recovery of State- and federally listed fish species,
and other fish and wildlife.

The vision for dredging and sediment disposal in the Bay-Delta is to maintain
adequate channel depth for navigation, flood control, and water conveyance

DREDGING AND SEDIMENT while reducing the adverse effects of dredging activities on the Bay-Delta

DISPOSAL ecosystem. Dredged material disposal would be environmentally sound and the
use of nontoxic dredged material would be promoted as a resource for            ,Ill
restoring tidal wetlands and other habitat~, reversing Delta island subsidence,
and improving dikes and levees.

The vision for gravel mining is to improve gravel transport and cleansing by
GRAVEL MINING         redubing the ad~,erse effects of instream gravel mining. Achieving this vision

would help to maintain or restore flood, floodplain, and streamflow processes
that govern gravel supply to improve fish spawning and floodplain habitats.

The vision for invasive aquatic plants is to reduce their adverse effects on
INVASIVE AQUATIC native species and ecological processes, water quality and conveyance systems,PLANTS             and major rivers and their tributaries.

The vision for invasive aquatic organisms is to reduce their adverse effects on
the foodweb and on native species resulting from competition for food and
habitat and direct predation. This vision can be accomplished throughINVASIVE AQUATICORGANISMS           enforcement of State laws regulating ballast water dumping and other measures
designed to reduce the number of new, potentially harmful species introduced
accidentally into the Bay-Delta estuary. Habitat changes or direct control
measures may reduce their effects in specific cases.

The vision for invasive riparian and salt marsh plant species is to reduce their
INVASIVE RIPARIAN AND SALT adverse effects on native species and ecological processes, water quality and

1VIARSH PLANTS water conveyance systems, and major rivers and their tributaries.

The vision for non-native wildlife species is to implement a program to reduce
NON-NATIVE WILDLIFE the numbers of harmful non-native wildlife species (i.e., those that threaten the

diversity or abundance of native species or the ecological stability of an area).
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Ecosystem Element Vision Summary

The vision for predation and competition is to reduce unnatural levels to
PREDATION AND COMPETITION restore fish populations by removing, redesigning, or reoperating inwater

structures, diversion dams, and hatchery practices.

The vision regarding contaminants is to ensure that all waters of mainstem
rivers and tributaries entering the Bay-Delta, and all waters of the Bay-Delta,
are free of high concentrations of toxic substances. The vision includes
preventing, controlling, or reducing damaging levels of high-priorityCONTAMINANTS         contaminants by remediating mine wastes, minimizing boat discharges and

dredging effects, managing flows, restoring habitat, managing watersheds, and
supporting existing programs for controlling agricultural and url~an point and
nonpoint sources.

The vision for wildfire is to support programs that will reduce the acreage and
frequency of catastrophic wildfires and the consequences of wildfires.

WILl)FIRE            Reducing the extent and effects of wildfires in tributary watersheds of the Bay-
Delta would reduce the threats posed by catastrophic .wildfire on fish and
wildlife habitats through deforestation and resulting high levels of erosion and
increased rates of surface runoff.

The vision for fish and wildlife harvest is to support strategies that maintain a
sustainable commercial and recreational chinook salmon fishery in a manner
consistent with the recovery; of individual stocks; steelhead trout harvest
strategies that fully protect naturally spawning stocks while redirecting harvestFISH AND WILDLIFE HARVEST tO hatchery-produced stocks; the continued legal harvest of striped bass and

reduction of illegal harvest; and the present white sturgeon harvest strategy,
which protects the species from overexploitation while providing a sustainable
trophy fishery.

The vision for the artificial propagation of fish is closely linked to the visions
for harvest, chinook salmon, steelhead trout, and striped bass. Cumulatively,
these visions present a robust integration of production, harvest, andARTIFICIAL FISH PROPAGATION
restoration targets and actions that will contribute substantially to restoring and
maintaining a healthy ecosystem and healthy populations of valuable sport and
commercial fisheries.

The vision for disturbance is to reduce the adverse effects of boating and other
DISTURBANCE recreational activities, temporary habitat disturbances, and other human

activities on wildlife and their habitats in the Bay-Delta.
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ECOLOGICAL PROCESS VISIONS

INTRODUCTION time. Table 3 presents
the basis for their
selection as an

This section presents visions for ecological
ecosystem element.

processes. Ecological processes act directly,
Visions describe the roleindirectly, or in combination, to shape and form

the ecosystem. These include streamflow,and importance of each
process in. maintainingwatershed, stream channel, and floodplain

processes. Watershed processes are closely linked
the health of the Bay-

to streamflow and include fire and erosion.Delta, and a description
of how the process

Stream channel processes include streamcurrently operates in the ecosystem, stressors and
meander, gravel recruitment and transport, waterchanges to other processes that have altered how
temperature,andhydraulicconditions.Floodplain
processes include overbank flooding and sedimentthey operate in the ecosystem. The ERPP

implementation objectives, targets, and
retention arid ,deposition. Physical and biologicalprogrammatic actions are presented here and moreprocesses addressed are those that have a strong
effect in shaping and influencing the Bay-Deltafully described in Volume II: Ecological Zone

Visions. Table 4 presents the ecological zone in
ecosystem. These processes can also be managed

which implementation objectives, targets, anto improve the health of the Bay-D~lta ecosystem
and its resources. Table 2 .identifies important

programmatic actions have been proposed to

ecological processes hnd the related ERPPacc°mplisheachec°l°gicalpr°cessvisi°n"

implementation objectives. Implementation
objectives are fixed and will not change through

TABLE 2. ECOLOGICAL PROCESSES ANB, ERPP IMPLEMENTATION OBJECTIVES

Ecological Process Implementation Objective

Central Valley Streamflows restore basic hydraulic conditions to reactivate and
maintain ecological processes that create and
sustain habitat required for healthy fish, wildlife,
and plant populations.

Natural Sediment Supply provide sufficient quantities to riverine and
estuarine systems to restore or reactivate stream
channel meander and point bar formation, provide
sediments to rebuild wetlands and shallow-water |habitats, and provide for nutrient transport.

Stream Meander maintain, improve, or restore natural stream
meander processes to allow the natural recruitment
of sediments, create habitats, and promote riparian
succession.

~ ~ Volume 1: Ecosystem Restoration Program Plan
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Natural FloodplainsandFloodProcesses modify channel and basin configurations to
improve floodplain function along rivers and
streams in the Sacramento-San Joaquin basin.

Central Valley Stream Temperatures maintain, improve, and restore water temperature
regimes to meet the life-history needs of aquatic
organisms.

Bay-Delta Hydraulics establish and maintain a hydraulic regime in the
Bay-Delta to provide migratory cues, create and
maintain habitat, and facilitate species distribution
and transport.

Bay-Delta Aquatic Foodweb maintain, improve, or restore the amount of basic
nutrients available to estuarine and riverine systems
to provide a sustainable level of foodweb
productivity.

Upper Watershed Processes - Fire and Erosionrestore ecological processes in the upper
watersheds to maintain and improve the quality and
quantity of water flowing into the tributaries and
rivers of the Sacramento-San Joaquin Delta and
San Francisco Bay.

i ~’~ CJd~ Volume 1: Ecosystem Restoration Program Plan
l~KTh

~1~ P~O~d~
Visions for Ecosystem Elements

i ~ 17 Draft: March 1998

C--006280
C-006280



TABLE 3. BASIS FOR SELECTION OF ECOLOGICAL PROCESS ECOSYSTEM ELEMENTS

EcologicalProcess Basis for Selection as an Ecosystem Element

Streamflow refers to the total amount and seasonal distribution of water entering
the ecosystem, including surface and groundwater, and includes episodic events
such as floodflows and drought cycles. The total volume and distribution in time
and location of water supports other important ecological processes and functions

Central Valley that sustain habitats and many species of the Bay-Delta, the Sacramento and San
Streamflows Joaquin Rivers, and their tributaries. Human activities have had a large influence

on the natural hydrograph of the Bay-Delta and the Sacramento-San Joaquin basin.
There are opportunities to restore or simulate, where appropriate, more natural
streamflow patterns that sustain ecological functions and meets the life
requirements of plants and animals.

The natural sediment supply of Central Valley rivers and streams comprises
mineral and organic fines, sands, gravel, cobble, and woody debris. Sediment, like
water, is one of the natural building blocks of the ecosystem on which many other
ecological processes, functions, habitats, and species depend. Gravel, for example,

Natural Sediment is important for maintaining spawning habitat of salmon and supports the many
Supply invertebrates on which young salmon prey. Finer sediments sustain riparian and

wetland habitats. Human activities have had a large effect on natural sediment
processes in the watershed~ There are opportunities to restore natural sediment
processes or to compensate for the loss of sediment supplyfrom building levees,
dams, and reservoirs to meet the life requirements of plants and animals.

Stream meander corridors are areas in which natural bank erosion and floodplain
and sediment bar accretion occur along stream courses. Natural stream meanders

Stream Meander in alluvial systems function dynamically to transport and deposit sediments and
provide transient habitats important to algae, aquatic invertebrates, and fish, as well
as surfaces that are colonized by natural riparian vegetation that supports wildlife.

Floodwater and sediment detention and retention is the process whereby flows and
sediment are retained within floodplains of the Sacramento-San Joaquin basin.
Retention and detention of water and sediment within basin floodplains are a
secondary process controlled primarily by flow patterns and channel
geomorphology, and secondarily by soils and plant communities. Floodwater
storage and retention reduce flood effects, soil erosion, peat oxidation, and nutrient

Natural
loss. The process stores water and sediment either permanently or temporarily,

Floodplains and
reducing the peak loads of both downstream systems. Overbank flooding is a
secondary process to water and sediment flow through the Sacramento-San Joaquin

Flood Processes basin in combination with geomorphology. Flooding of lands provides important
seasonal habitat for fish and wildlife and provides sediment and nutrients to both
the flooded lands and aquatic habitats that receive the returning or abating
floodwaters. The flooding also shapes the plant and animal communities in the
riparian, wetland, and uplands habitat subject to inundation. Opportunities to
restore or enhance this process are possible by changing landscape features,
geomorphology, and seasonal distribution of flow volume through the system.

~ CAIF~ Volume 1: Ecosystem Restoration Program Plan
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Ecological Process Basis for Selection as an Ecosystem Element

Water temperature is determined by the natural heating and cooling process of
water bodies and flows in the Sacramento-San Joaquin basin. Water temperature
in the Sacramento-San Joaquin basin is controlled by water source (i.e., dam

Central Valley and and industrial surface andreleases;runoff; agricultural,municipal, discharges);
Stream

groundwater flow; geomorphology; tides; riparian shading; and, most often, air
Temperatures    temperature. Water temperature is an important factor in habitat suitability for

aquatic organisms. Unnaturally high water temperatures can become stressors t0
many aquatic organisms.                                   ,

The natural hydraulic regime refers to the direction and velocity of flows in the
Bay-Delta channels on a temporal, tidal, and seasonal basis for a given hydrologic
condition. The direction and velocity of flows and their distribution in time and
location support important ecological processes and functions in the Bay-Delta that

Bay-Delta sustain the foodweb, influence the spawning, rearing, and feeding of estuarine and
Hydraulics anadromous fish, and support migration of adult and juvenile fish. Human

activities have had a large influence on the natural hydraulic regime of the Bay-
Delta. There are opportunities to restore or simulate, where and when appropriate,
a more natural hydraulic regime that sustains ecological functions and meets the
life requirements of fish and wildlife in or dependent on the Bay-Delta.

The Bay-Delta aquatic foodweb is driven b~ primary, secondary, and tertiary
production. Primary production refers to the energy produced by algae and other
plants through photosynthesis. Primary production of plants in the Sacramento-

Bay-Delta Aquatic San Joaquin basin is the basic process that supports the biological system. Nearly
Foodweb all ecological processes have some effect on primary production in the basin.

Human activities have altered production in many ways and opportunities to
enhance this process exist by manipulating waterflow, nutrients, and
geomorphology and alleviating environmental stressors such as salts, herbicides,
and other toxins in watercourses. Secondary production refers to the production
of organisms from feeding on plant materials. Secondary production in the
Sacramento-San Joaquin basin occurs primarily through the breakdown of plant
materials by microorganisms, such as bacteria, fungi, protozoans, and zooplankton,
and through large-animal grazing. Tertiary production refers to the production of
organisms from feeding on organisms not delivered from primary production.
Tertiary production occurs from predation on secondary and other tertiary
organisms.

Watershed processes that contribute to maintaining the health of the Bay-Delta
ecosystem include fire and erosion. Water supply and water quality in the Central
Valley are dependent on healthy watersheds. Land and resource management in

Upper Watershed the upper portions of tributary watersheds have substantially modified watershed
Processes - Fire. and affected the of inflows of water to theprocesses reliability high-quality

and Erosion     Sacramento-San Joaquin Delta and San Francisco Bay. Management activities
have also affected the available capacity of reservoirs that store water for and
provide flood control to downstream residents.

i
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TABLE 4. ECOLOGICAL ZONES IN WHICH ECOLOGICAL PROCESS IMPLEMENTATION OBJECTITES,
TARGETS~ AND PROGRAMMATIC ACTIONS ARE PROPOSED

[Note: Refer to Volume 11: Ecological Zone Visions for information regarding specific targets and actions.]

¯
Ecological Ecological Zonet

Process Vision
1    2    3    4    5    6    7    8    9 10 11 12

Central Valley
Streamflows

¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Natural
Sediment ¯ ¯ ¯ ¯

¯ Supply

Stream , ¯ ¯ ¯ ¯ ¯ ¯
Meander

Natural
Floodplains and ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
Flood Processes

Central Valley ’
Stream ¯ ¯ ¯ ¯ ¯ ¯
Temperatures

Bay-Delta ¯
Hydraulics

Bay-Delta
Aquatic ¯ ¯
Foodweb

Watershed
Processes - Fire ¯ ¯ ~D    ¯ ¯ ¯ ¯ ¯
and Erosion

~ I = Sacramento-San Joaquin Delta 8 = Feather River/Sutter Basin
2 = Suisun Marsh/North San Francisco Bay 9 = American River Basin
3 = Sacramento River 10 = Yolo Basin
4 = North Sacramento Valley 11 = Eastside Delta Tributaries
5 = Cottonwood Creek 12 = San Joaquin River
6 = Colusa Basin 13 = East San Joaquin Basin
7 = Butte Basin 14 = West San Joaquin Basin
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CENTRAL VALLEY STREAMFLOWS

INTRODUCTION The Sacramento River Region contains the entire
drainage of the Sacramento Valley and its
adjacent watersheds and extends from Collinsville

Streamflow refers to the amount of.fresh water
in the Sacramento-San Joaquin Delta almost 300

flowing in rivers and Bay-Delta channels. Central
upstream to the Oregon border.

Valley streamflows are a combination of natural
discharges from surface water and groundwater Characteristics of the Sacramento River Region
and managed releases from reservoirs.
Stream flow varies seasonally and annually with Average annual precipitation: 36 inches
rainfall, run-off, and water-supply management. Average annual runoff: 22,389,700 AF

Land area: 26,960 square miles
The volume and distribution of water in the Bay- Population: 2,208,900
Delta and its watersheds support important
ecological processes and functions. Human (Sourc~:DWK 1994)

activities have had a significant influence on the

The San Joaquin River Region is located in thenaturalstreamflowpatternof theBay-Deltaand
its watershed. heart of California and is bordered by the sierra

Nevada on the east and the coastal range on the
Unimpaired Monthly Average Flow west.

700O

6000 Characteristics of the San Joaquin River Region

5000 ~
Average annual precipitation: 13 inches

4000 Average annual runoff: 7,933,300 AF

~ Land area: 15,950 square miles
3000 Population: 1,430,200

2000 (Source: DWR. 1994)

1000

0       ,              = = The San Francisco Bay Region extends from
J F M A M d J A S O N D Pescadero Creek in southern San Mateo County to

Unimpaired Median Monthly Average Flow in the the mouth of Tomales Bay in the north and inland
American River below Nimbus Dam, 1962-I992 to the confluence of the Sacramento and San

Joaquin rivers near Collinsville.

RESOURCE DESCRIPTION
Characteristics of the San Francisco Bay Region

California is divided into hydrologic regions Average annual precipitation: 31 inches
which reflect runoff and drainage basins. Three " Average annual,runoff: 1,245,500 AF
major hydrologic regions are contained within the Land area: 4,400 square miles
ERPP StudyArea: Sacramento River, San Joaquin Population: 5,484,000

River, and San Francisco Bay (So.rc~: DWR 1994)
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The total streamflow that would occur without ECOLOGICAL FUNCTIONS OF STREAMFLOW

upstream reservoirs and diversions is called the
unimpaired flow. Data on unimpaired flows
provide a record of natural streamflow patternsStreamflow can be thought of as the life-blood of
and a benchmark for judging the effects of waterthe tributary watersheds that link together to form
management and allocation of the availablethe Sacramento and San Joaquin Rivers.
runoff. Unimpaired streamflows are alsoGroundwater and surface runoff generate flows
influenced by the condition of the upperinto the stream networks in each tributary basin.
watersheds and their ability to moderate orStreamflow provides the geomorphic forces
intensify runoffpatterns. (energy and materials) needed to create and

maintain stream channels and riparian corridors
Streamflows in Central Valley watersheds are(floodplains). Streamflow controls the erosion,
extremely variable. Total annual unimpairedtransport, and deposition of sediment in the
streamflow into and through the Central Valleystream channel and floodplain. Streamflow also
varies from a low of about 5 million acre-feettransports and cleanses river gravels that support
(MAF) to a high of about 38 MAF. Most of the invertebrate production and fish spawning.
flow occurs December through June. A large part
of the total flow volume occurs during relativelyNatural flow patterns maintain natural sediment
short periods of time, caused either by rainfall orerosion, deposition, transport, and cleansing
snowmelt, patterns, and thus natural stream .channel and

floodplain configurations. Reduced streamflow
Construction and operation of dams on majorcan lead to excessive sediment deposition in
rivers and streams has reduced peak winter andgravelbeds and armoring the channel with cobble.
spring flows and increased summer and fall
flows. Dry year flows are higher in some streamsStreamflow transports nutrients as well as
from release of carryover storage from reservoirs,dissolved and particulate organic material from
In other streams, flow may be lower because ofrivers upstream to the Delta and. estuary. These
water diversions, materials are important to planktonic and benthic

foodweb organisms. Streamflows maintain soil
Winter and spring peak flows and summer andmoisture and transport seeds which contribute to
fall base flows are important to maintainthe regeneration of riparian and riverine aquatic
ecological processes such as sediment transport,habitats.
stream meandering, and riparian habitat.
regeneration. Native fish and wildlife speciesStreamflow is needed to flood stream channel
evolved with these flow patterns. Spawning andpools and riffles and riparian wetlands that
migrating fish depend on the natural streamflowprovide habitat for fish and other wildlife. Flows
pattems. For example, Sacramento splittail spawntransport fish eggs and larvae (e.g., striped bass,
in winter in flooded areas provided by high flows, delta smelt) from spawning to nursery areas and

may assist in the movement of juveniles from
The ability to restore natural streamflows isupstream spawning and rearing areas to the Delta
limited. Constraints include water management(e.g., young splittail and chinook salmon).
practices, upper watershed conditions, and
previous water supply allocation (water rights andStreamflow through the Delta to San Francisco
contracts). Emulating natural runoff patterns willBay is referred to as Delta outflow. Delta outflow

. provide the greatest potential for improving theis simply the net flow at Chipps Island.
ecological functions that are dependent onConceptually, it is estimated as the sum of Delta
streamflow, inflow and precipitation in the Delta minus water

use in the Delta .and exports from the Delta. Delta

Cht~ Volume I: Ecosystem Restoration Program Plan
~ l~.DK7;h Vision for Central Valley Streamflows
~, PrtO~l~ Draft." March 1998

22

C--006285
(3-006285



outflow has a major influence on the tidal mixingmoisture replenishment) within the floodplain,
processes and the amount of saltwater that reachesflood bypass, and riparian stream corridor.
upstream into the Delta. Delta outfl.ow controls
the location of the "entrapment zone" (the area
where freshwater mixes with saline water) and I-IYDROLOGIC VARIATIONS
transports planktonic organisms, particulate
organic materials, and nutrients from the rivers to
the DeltaandSanFranciscoBay. Water supplies in the Central Valley are

categorized by "water-year classes" (wet, above
Following are general ecological processes andnormal, below normal, dry, and critical). This
functions sustained with natural streamflownatural year-to-yearhydrologicvariabilityisused
patterns: to establish water management plans. Facility

operations are generally estimated using monthly
¯ Channel-forming processes create and sustainrainfall and natural, unimpaired runoff conditions.

the pools, riffles, meanders, sand and gravelRunoffis estimated from measured’flows for 1922
deposits, banks, side channels, and floodplainto the present.
areas. These elements are the physica!
framework for the stream, wetland, riparian Seasonal variability results from rainfall events
corridor, and floodplain habitats, and snowmelt runoff. Rainfall events occur

mainly during the "wet" season (between
¯ Streamflow transports nutrients and organicNovember and June). Substantial runoff from

materials to downstream aquatic habitatsSierra Nevada snowmelt extends into the summer
where they provide the necessary componentsand fall. This runoff pattern allows substantial
for primary (plant) and secondary (bacterial diversion of water from Sacramento and San
and invertebrate) foodweb production. Joaquin River tributaries from May through
Transport processes also move larval andSeptember.
juvenile fish and other aquatic organisms to
downstream rearing habitats. Central Valley reservoirs have been constructed

during the last century to manage seasonal
¯ Filling and flooding of channel and floodplainvariability. Reservoirs capture winter floods and

areas at high streamflows provide aquatic,spring snowmelt (while reserving sufficient flood
wetland, and riparian habitat and Sustaincontrol storage space and maintaining minimum
botanical processes (i.e., seed dispersal, soilinstream flows). This storage provides an

increased water supply during summer and fall for
S h asta In flow a n d O u tflow diversions and instream flows.

loo

~" 80 MULTIPURPOSE WATER MANAGEMENT

_o 40 .:~. Seasonal and annual runoff fluctuationa.
-" i~: complicates control and allocation of the available

~a ~.~-~..~,:....- ~-~.,..,~.~,:~.,~.~.,~..~.~.~ .... . water supply. Water is allocated for various
o --" ~~’ ....’ ......"~ ......~ .....~~ beneficial uses including flood control, water

J F M A M J J A ~ O N D supply, power generation, and instream and other
1993 environmental flows. Priorities for streamfiow

Keswick Release Shasta Inflow management are established according to the
.... available water supply.

~ ~
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Almost all major Central Valley streams are(Reclamation) or CalifomiaDepartment of Water
regulated by large multipurpose reservoirs (asResources (DWR) further complicate the
well as smaller diversion dams) and confined byallocation of Califomia water supplies.
flood control levees. Many rules govern the
operation of these dams and affect the overallInstream flow levels are sometimes required as
operation of water-management systems. As theconditions for water quality standards, water-
effects from these facilities on the natural runoff,rights permits, and FERC licenses. Negotiated
sediment transport, and fish migration pattems areagreements between water and fisheries agencies
observed, an increased understanding of the needsgovem minimum flows downstream of major
for instream flows is emerging, water projects. Some streams, such as Butte

Creek, are formally managed by the State
Recognition of the importance of streamflows towatermaster agreements.
protect and promote habitat conditions for fish
and wildlife populations has created conflictsThe SWRCB has included instream spring flow
between existing beneficial uses of water supply,reqhirements for both Delta outflow (i.e., X2
industry, and flood control, location objectives) and the San Joaquin River at

Vemalis in the 1995 Water Quality Control Plan.
Several agencies may be involved in the operationInstream flow requirements govern the minimum
of each major reservoir or diversion facility.~Theflows at specific points below d~versions and are
many rules governing facility operations have anoften dependent on the available water supply
incremental and interdependent effect on overall(e.g., water-year type). Average annual instream
operation of water management systems, and spring flow requirements are generally a

small fraction of natural unimpaired flow and
winter releases from storage reservoirs may be

WATER RIGHTS AND INSTREAM FLOW much less than unimpaired flows.

Many streams have no instream flow
California water rights govern streamflowrequirements. On some streams, riparian and
allocation for beneficial uses. Both riparian and-appropriative water rights diversions may be
appropriative water rights exist in California.restricted only by an amount necessary to supply
These rights are administered and monitored bydownstream users having a higher priority water
the State Water Resources Control Boardright. Some Central Valley streaml’lows are
(SWRCB). Riparian rights support specific totally depleted downstream of the major
beneficial uses on lands immediately adjacent todiversions during the irrigation season.
the stream. Appropriative water rights allow
direct diversion or storage and may be obtained
for beneficial use. VISION

Water rights are incremental, with a specific
priority scheme that controls water allocationThe vision for Central Valley streamflows is to
during periods of shortage. Federal courts haverestore those seasonal patterns that sustain
assigned the jurisdiction over se~;eral Californiaimportant ecological processes, habitats, and
streams that are used for single-purposespecies that depend on streamflow. Seasonal
hydropower projects to the Federal Energy patterns of greatest importance are winter-spring
Regulatory Commission (FERC). : Additional rainfall or snowmelt flow events and summer-fall
"exchange contracts" between water-rightsbase flows. Restoring natural streamflow patterns
holders and water districts or government
agencies, such as the U.S. Bureau of Reclamation.
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will contribute to the recovery of species and INTEGRATION WITH OTHER
overall health of the Bay-Delta.

RESTORATION PROGRAMS
To achieve maximum potential ecological
functions and benefits from streamflows will
require restoring and protecting the streamThe vision for streamflow is intended to
channel and floodplain,process and in developingcomplement existing streamflow management
and implementing watershed managementprograms. Several agencies are directly or
strategies and programs to protect the health ofindirectly responsible for streamflow
upper watersheds, management.

Opportunities to protect, enhance, and restoreAgencies with important streamflow management
natural streamflow patterns and processes dependresponsibilities and programs include:
on stream channel and floodplain conditions, as
well as existing impoundments and diversions. ¯ U.S. Army Corps of Engineers’ flood control

operations of reservoirs and management of
Opportunities for adjusting seasonal streamflow flood control facilities ( e.g., levees, overflow
patterns to benefit fish and wildlife while channels andbypassweirs);
maintaining other beneficial water uses will be
explored. Opportunities may include acquirinḡ DWR programs to provide water supplies
water rights from willing sellers or developing (State Water Project), flood protection
supplemental supplies (e.g., recycled water facilities, water quality monitoring, and
programs). Individual water rights are established multipurpose management of California
according to California law, and this vision does water resources;
not propose any adjudication or involuntary
reallocation of water rights.                          ¯Reclamation’s operation of the Central Valley

Project (and several other independent water
Many environmental factors and functions projects in the Central Valley) to provide for
controlled by streamflow dynamics are only multiple beneficial water uses, including fish
partially understood at this time. Therefore, the and wildlife protection and habitat restoration
vision for Central Valley streamflow includes a (e.g., Central Valley Project Improvement
substantial commitment to continued monitoring Act);
and evaluation of physical, chemical, and
biological processes and ecological functions that̄ FERC regulation of minimum flows below
are sustained and governed by streamflow, hydropower projects; SWRCB administration

of water rights for storage and diversions,
Although the historical pattem of natural including decisions about required instream
streamflows can be used as a guideline for flows for fish, water quality, and public trust
establishing streamflow targets, the actual resource pro(ection;
management of flows for each tributary or river
segment will require coordination with all̄ California Department of Fish and Game
agencies and stakeholders. Conflicting interests . responsibility to study and recommend
and priorities will most likely be the rule rather streamflows and temperature requirements for
than the exception. Streamflow targets will be fish protection and propagation in streams and
developed within the existing multipurpose water at hatcheries;
resource managementframework for each
watershed. ¯ U.S. Fish and Wildlife Service and National

Marine Fisheries Service programs to
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recommend flows and other measures neededThis program for Central Valley streamflows will
for mitigating impacts from federal projects necessarily focus on the relationship of flow to the
and protecting endangered species, includinghealth of closely related ecological processes,
the Anadromous Fish Restoration Programhabitats, and species.
and the Water Management Program; and

Processes influenced by streamflow include:
¯ U.S. Geological Survey water resources

division programs to measure streamflow and¯ Central Valley water temperatures,
water quality, providing the information
necessary for adaptive management of̄ sediment supply, IIstre~imflows. Their monitoring and modeling
activities for Central Valley groundwater and ¯ stream meander corridors,
Bay-Delta hydrodynamics are also important
contributions to water resources management.̄ Bay-Delta aquatic foodweb,

Streamflows in Central Valley streams are beinḡ floodplain and flood processes,
addressed under the Central Valley Improvement
Act (CVPIA) subsection .3406(b)(2) and (b)(3) ¯ groundwater/surface water interactions, and
programs being administered by the USFWS.
Under 3406(b)(2) 800 TAF of CVP water is to be ¯ dilution of contaminants.
allocated for fish and wildlife purposes. Under
3406(b)(3) additional water is to be acquired from Habitats that depend on streamflow include:
willing sellers. The combined sources of water
are to be managed under a Water Management̄ riparian,
Plan being developed for selected individual
rivers under FERC licensing requirements,̄ aquatic, and
negotiated settlements between stakeholders and
agencies, State Water ResoUrces Control Board¯ wetlands.
water rights and water quality plans, and court
ordered settlements such as that for the AmericanSpecies directly linked to streamflow include:
River (Water Forum)

¯ anadromous fish,

LINKAGE WITH OTHER ¯ delta smelt,

ECOSYSTEM ELEMENTS ¯ resident fish,

¯ riparian species,
Streamflow being a primary ecosystem process is
integrally linked with other processes, habitats,̄ shorebirds, and ~-~
and species. In addition, the effects of many |ecological stressors are influenced by streamflow.̄ waterfowl.

cases, the ecological value of streamflowsEach of these processes, habitats, and species areInall
will be incorporated into a comprehensiveadversely affected by stressors which restrict their
adaptive management program. (Volume III.full function, extent, distribution, or survival.
contains additional information regardingTherefore, the full ecological benefit to be derived
CALFED’s approach to adaptive management.) from streamflows also depends on reduction or

,~ ~
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elimination of stressors which impair other̄ Maintain sufficient year round base flows to
closely related ecosystem elements. Streamflow sustain aquatic streamflow dependent
is an important ingredient for ecological health, ecological processes, habitat, and species.
but cannot provide fullbenefit without
improvement in other areas. ¯ Provide sufficient flow during the first yearly

significant rain event to sustain habitat and
¯ species dependent on such flow. This can be

IMPLEMENTATION OBJECTIVES~ accomplished by allowing a portion of the
natural inflow to pass through large Central

TARGETS~ AND PROGRAMMATIC Valley reservoirs in all but the driest years.

ACTIONS

REFERENCES
The implementation objectives for Central Valley
streamflows are to restore basic hydraulic
conditions to reactivate and maintain ecologicalDWR 1994. California Department of Water
processes that create and sustain habitat required Resources. California Water Plan Update:
for healthy fish, wildlife, and plant populations. Volume 2. Bulletin 160-93, October 1994.

The general target for streams with large water
storage reservoirs is to provide a spring flow
event that emulates natural spring pulse flows in
dry and normal years. For all streams provide
sufficient year-round base flows to sustain
important ecological processes, habitats, and
species.

Actions that will contribute to restoring the
ecological values of stream flow include
maintaining spring flows and sustaining summer-
fall base flows are the two major streamflow
restoration activities considered in this vision.
The following three programmatic actions will
help to achieve streamflow objectives:

¯ Provide sufficient high flows during spring
(March-May) to sustain high-flow dependent
ecological functions.    This can be
accomplished by allowing a portion of the
natural inflow to pass through large Central
Valley reservoirs in spring of all but the driest
years. In extreme cases, this may be
accompanied by high summerreductionsin
storage releases.
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NATURAL.SEDIMENT SUPPLY

INTRODUCTION Sacramento and San Joaquin Rivers and Bay-
Delta ecosystems. Part of the reason is differences
in soils and geofluvial morphology of the
watersheds. Other factors include difference inNatural sediments of streams, rivers, and estuariesrunoff patterns and watershed characteristics.

consist of mineral and organic silts, sands, gravel,
Human activities and development may becobble, and woody debris. These materialsimportant factors. Large dams deprive most of

naturally enter, deposit, erode, and are transported
through the Bay-Delta and its watershed,the major rivers entering the Sacramento-San

Sediment, like water, is one of the natural
Joaquin Valley of their primary source of

building blocks of the ecosystem. Many other
sediment from the upper watersheds. Upper

ecological processes and functions, and habitats
watershed sediment supplies have been altered by
increased human use and habitation in areas

and species require specific types and amounts ofpreviously only influenced by natur~i processes of
sediment and the hfibitats sediments create.
Gravel, for example, is important for maintaining      fire, flood, and mass wasting. 1
spawning habitat for salmon and steelhead, and as
habitat forstreaminvertebrates. Finer sedimentsAlluvial sediment is stored in the valley

are important in the natural development offloodplains along rivers, but much of this natura!

riparian and wetland habitats. Major factors that
supply is no longer available to rivers and streams
because of extensive hardening of banks (e.g.,influence the sediment supply in the Bay-Delta
rip-rap) to protect stream-side levees, orchards,and its watersheds include many human activities
and cropland. Some individual streams have ansuch as dams, levees, and other structures,

dredging, and gravel and sand mining, excess of fine sediment, such as the lower Feather
River that is still affected by an oversupply of

River-transported sediments are an essentialsand from the hydraulic mining era. Within the

component of the physical structure and nutrientDelta, rivers and sloughs appear to suffer from a

base of the Bay-Delta ecosystem and its riverinenet loss of channel sediment resulting in the
reduction or disappearance of midchannel islands

and tidal arteries. The size, volume, and seasonal
timing of sediments entering the riverine andand shallow shoal habitats. This is believed to be

estuarine systems should be compatible with bothcaused by a combination of reduced sediment

natural and altered flow regimes. Sediment
supply from rivers, historic loss of Delta
floodplains (reclamation of formerly extensivetransport should match channel and floodplain

characteristics of individual rivers, streams, andtule islands for agricultural uses), high velocity
tidal currents, wind wave and boat wake erosiontidal sloughs. A specific sediment management

objective is to redistribute sediment in theof unprotected, artificially steep banks, and

watersheds and valley components of thechannel dredging to maintain shipping routes and

ecosystem. An appropriate level, rate, and size offloodway capacity.

sediment shouldberedistributedtomatchspecific
Land use has also altered natural sediment

habitat requirements and ecological functions. supplies in Central Valley watersheds. During the
gold rush, natural sediment supplies in the Central
Valley were greatly altered by extensive hydraulic

RESOURCE DESCRIPTION           and dredge mining on the western Sierra Nevada
streams (especially the Yuba, Feather, American,

The natural sediment supply is highly variablelower Sacramento, and San Joaquin Rivers and
between the streams and tidal sloughs of thetheir tributary watersheds). Sediment from mining

~lP ~
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in the late 19th century greatly exceeded theConstructed features and disturbance factors that
amounts that rivers were able to transport. Riverseliminate, reduce, or alter the amount,
became overloaded with sediment, causingdistribution, and timing of natural sediment
deposition and flooding in valley towns andsources include:
farms. Fine sediments pulsed quickly through the
river systems, but the coarser sediments moved̄ reservoirs behind medium and large dams that
more gradually. By the late 20th century, most capture the sediment supply from the
riverbeds had returned to pre-Gold Rush watershed;
elevations because riverflows had cut through the
old placer mining debris deposits stored along thē levees that prevent deposition of fine
banks. Some rivers and creek valleys still contain sediments in the floodplain alongside rivers
"debris dams" (e.g., Daguerre Point Dam in the and increase sediment scour and.transport
Yuba River Goldfields) built a century ago in an within the river channel by forcing deeper,
attempt to keep placer mining sediment from more erosive floodflows;
spreading into streambeds of the valley and
causing flooding of cities and farmlands. ¯ sand and gravel mining in channels and active

lower floodplains of rivers and smaller
Natur~il sediment recruitment and transport in the tributaries that deplete the natural supply to
Central Valley are tied to streamflow. Most downstream sites;
sediment is transported and deposited during
winter and spring runoff events. Typically, bars,̄ bank protection and channelization that alters
shoals, and braided deltas form or expand as. sediment transport, reduce natural bar and
floodwaters decline and stabilize during the dry riffle formation, and prevent natural bank
season. Flowing water rearranges and sorts erosion and gravel and sediment releases to
sediment (sand, silt, and clay particles) and the river; and
bedload (cobble and gravel) to create the
structural support for many important habitats,̄ dam-regulated reduction of the magnitude and
including fish spawning gravels, growth medium duration of average peak flows during winter
(substrate) in which riparian forests germinate and and spring that reduce the ability of a river to
establish, and loamy floodplains that support oak transport bedload entering the river from
woodland and grasslands. Transporting heavier tributary sources.
cobble and gravel helps rivers dissipate stream
energy, and the formation of heavy cobble barsSediment transport and deposition processes of
shields the riverbed from excessive erosion andthe ecosystem have been significantly modified.
incision. Construction of the Sacramento River, San

Joaquin River, and Delta levees and bypass
Shallow shoals of fresh sediment form along Bay-systems in the early 20th century allowed Central
Delta rivers and sloughs by replacing sedimentValley settlements and California agriculture to
lost to wave action and tidal currents. The freshexparid. The original levee system of the
sediment creates new substrate for tule marsh andSacramento River was built to bypass excessive
sustains shallow-aquatic and tidal-mudflatfloodflows, maintain sufficient channel depth for
habitats. Fine organic particles and suspendedriver navigation, and carry the heavy loads of
mineral sediment also provide essential nutrientssediments deposited into the Central Valley by
(e.g., carbon, nitrogen, phosphorus, and iron) thathydraulic gold mining in the mountains and
support algae and phytoplankton at the base of thefoothills.
foodweb. High concentration, of suspended
Sediment (high turbidity)limits growth of aquaticThe levees isolated rivers from their natural"
plants and algae by reducing sunlight penetration,floodplains and separated the Bay-Delta from the
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extensive freshwater and saline emergenthabitats. Lack of sediment and high velocities are
wetlands and secondary sloughs that became thealso undermining the submerged toe of levees
agricultural "islands" we know today. River flowsalong Delta islands.
have sufficiently sluiced most of the sediment
past the river floodplains and Delta and out to SanImmediately downstream of dams, where water
Francisco Bay. Some ofthesluiced sediment wastemperature is often low enough to support
deposited in deeper channels that now requirespawning fish populations,, the release or
dredging, uncontrolled spills of "clean, hungry" dam water

removes the spawning gravels from the channel,
The natural supply of gravels and sedimentsarmors the channelbed with more resilient cobble
entering the rivers and dams and reservoirsand boulders, and erodes the fine sediment that
severely reduced streams. Construction of thewould normally support riparian trees and shrubs
State and federal dam system occurred betweenalong the banks. Scoured and armored river beds
the 1930s (e.g., Shasta Dam) and 1970s (e.g., New lack spawning habitat for salmon and steelhead
Melones and New Don Pedro Dams). Although forced to spawn and rear below dams that have
dams provide water supply and flood control cut them offfrom natural upstream habitats.
benefits, they drastically reduced the natural
sediment supply to Central Valley riverFurther downstream, natural sediment and erosion
floodplains and the Bay-Delta. Dams captured allpatterns of the floodplain have been altered by
the bedload and most of the finer sediment. Manyriver channelization. Only the Butte basin flood
smaller dams have filled to capacity withoverflow area and the Sutter and Yolo Bypasses
sediment, support physical sedimentation processes that

roughly approximate a natural floodplain.
The absence of sediment below dams and theHowever, flood conveyance capacity, intensive
confinement of rivers into narrow, leveedfarming in the bypasses, and flood easement
corridors triggered channel incision and bankrestrictions do not allow the remnant floodplains
erosion. Incision and erosion threatened theto support natural habitats. Floodplain habitats
integrity of the levee system, leading to ongoingsuch as emergent marsh, cottonwood-willow
efforts to armor riverbanks and levees with rockriparian forest, or valley oak woodland thrive in
riprap. Implementation of these actions furtherthe fine-textured alluvial deposits. A few notable
reduces the natural sediment supply of rivers, natural habitats do exist. These include Sutter

National Wildlife Refuge, the new Yolo Basin
Confining rivers and hardening banks removes theWildlife Management Area, and some large
major remaining supply of gravel and sedimentprivately managed waterfowl habitats in the Butte
below dams. The lack of gravel and sedimentbasin~
inhibits bank erosion. Preventing or reducing bank
erosion also reduces the establishment of instreamGravel mining in Central Valley river channels
woody cover (a component of shaded riverinehas also interrupted natural sediment supplies of
aquatic cover) because the erosion required tothe rivers. Inchannel sand and gravel mining
topple trees into the channel no longer occurs, reduces downstream physical habitat and triggers

incision of the channelbed both upstream and |The sediment deficit and high transport efficiencydownstream. Large inchannel and low-floodplain
of the primary Delta channels, combined withpits are often excavated to a depth lower than the
wave-washerosion, are causing the progressivestream channel, such as occurs on the eastside
disappearance of remnant tule and willowtributaries of the San Joaquin River. These pits
midchannel islands and shoals. These conditionsoften "capture" the river. This creates additional

the replenishment of deposits thatsupportecosystem disturbances by trapping bedloadprevent
mudflat, emergent wetlands, and willow scrubgravel, causing the river alignment to suddenly
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shift, exposing outmigratingjuvenile salmon andchannel meander corridors using special conser-
steelhead to increased predation, and trappingvation zones (e.g., erosion easements), landowner
outmigrating juvenile salmon and steelhead inincentive programs, and strategic levee setbacks
isolated backwater ponds when the river recedes,where feasible. A natural river meandering

process provides much of the sediment needs of
rivers.

VISION
Where channel hardening occurs downstream of
major dams, sediments stored in armored banks,

The vision for natural sediment supply is tobars, and upper terraces can be moved into the

provide a sustained supply of alluvial sediments
active streambed to replace natural sediments

that are transported by rivers and streams andblockedbythedams.Wherebankandfloodplain
deposits along rivers below dams have becomedistributed to riverine bed deposits, floodplains,

channel bars, riffles, shallow shoals, and mudflats,inactive from controlled flows, additional
the Sacramento-San       sediment can be recruited by restoring episodicthroughout JoaquinValley,

Delta, and Bay regions. This would contribute to
floodflows. These floodflows must be of

habitat structure, function, and foodweb
sufficient duration and magnitude (e.g., peak

production throughout the ecosystem. Whereflows that occur every 1.5 to 2 years) to mobilize

supplies are adequate they should be protected,channelbed, bank, and bar sediments. This

Where inadequate, natural supplies should bestrategy would apply only to river systems that
have an ~xcess of stored channel deposits because

restored where possible. Where supplies cannot be
restored naturally, a feasibility analysis ofoflimited flood duration and magnitude below the

dam. Such actions would be coordinated withartificially maintaining sediment supplies will be
project operations and aquatic species life-cycleconducted,
requirements.

In specific cases natural sediment supply can be
restored by removing barriers to sedimentWherever possilsle, the future sediment supply

transport. A common .barrier to sediment from the remaining nondammed tributaries should
be declared a protected ecological resource of thetransport in Central Valley rivers are diversion

dams (e.g. Daguerra Dam on the Yuba River, orriver and Bay-Delta ecosystem. (Cottonwood

the Red BluffDam on the Sacramento River.). In
Creek is a prime example of a nondammed

some tributary streams, small dams that no longertributary of the Sacramento River that contributes

serve a purpose can be modified, or possiblya significant proportion of the present natural

decommissioned and removed. Dam removalsediment supply to the river). Effects on sediment

allows a larger fraction of gravel to passsupplies will be considered in evaluating potential

downstream, new water supply and flood storage facilities as
part of the Bay-Delta solution.

Studies will be conducted to determine whether
smaller reservoirs could be modified or re-Further natural sediment supplies can be restored

operated to allow some sediment from upstreamby expanding river access to historical floodplains

sources to pass through to the dam outlet,during high flows. Floodplains provide fine

Sediment deposits in the upper ends of reservoirsparticulate organic matter and small food
particles. These particles will reenter the Deltapotential of Sedimentsare sources for

introductions below dams. and main rivers from overland flows that pass
over and through crop stubble, grasslands, and

In some river reaches, bank armoring could be
riparianwoodlands.

reduced or avoided by creating unimpeded
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Levee setbacks, partial historical floodplain INTEGRATION WITH OTHER
restoration (e.g., breaching diked tidelands) and
selected Delta island levee removal strategies RESTORATION PROGRAMS
would provide new sources of sediment to the
Central Valley floodplain. These measures,
combined with increased channel roughness fromProtection and enhancement of sediment supplies
marsh and riparian restoration projects, willin the rivers and Delta will involve co6rdination
increase the sediment-trapping efficiency of thewith other programs including:
Delta in sloughs and channels that are not
essential for commercial ship and bargē the Upper Sac~’amento River Fisheries and |navigation. Riparian Habitat Council’s efforts under the

SB1086 Program,
Increasing the extent of the high-wa.ter floodplain
of the Delta will reduce the potential for channel̄ river corridor management plans,
erosion, thereby reducing the rate of sediment loss
from midcharmel tule islands and shallow shoals.̄ the US Army Corps of Engineers Sacramento
Larger floodplain areas along rivers would allow River Flood Control and Bank Protection
additional riparian vegetation to grow along the Projects ....
river floodways and would enhance the formation
of bank and bar deposit habitats. ¯ proposed San Joaquin River riparian habitat

restoration and floodway management
Appropriate reaches of the Sacramento, San. studies,
Joaquin, Merced, Mokelumne, Cosumnes,
Feather, and Yuba Rivers and other suitablē gravel mine reclamation programs being
streams, such as Cottonwood and Cache Creeks, initiated under the Surface Mining and
will be evaluated and, where feasible, designated Reclamation Act by the California
for eligibility as river erosion and deposition Department of Conservation,
zones, or "meander belts"~ Meander belts will
provide an area where natural erosion and̄ the AnadromousFishRestorationProgram’s
sedimentation processes can occur unimpeded gravel replenishment program (CVPIA
(within reasonable limits) to sustain a diversity of Subsection 3406 b 13),
sediment-driven habitats.

¯ small dam removal and fish ladder
In these meander belt conservation zones, some rehabilitation projects, and
types of agricultural production could continue.
Older alluvial floodplains, unlikely to be within¯ local bank protection and levee construction
the eroding pathway of the river within the next projects.
20-50 years, are ideal farming lands. Farmed areas
within the estimated 20-year riverbank migration
corridor could be targeted for special erosion and LINKAGE WITI-I OTI-IER
river floodplain easements and incentive
programs. Orchardists could be compensated for ECOSYSTEM ELEMENTS
loss of fruit and nut trees caused by natural bank
erosion, or for permanent acquisition as river
floodplain conservation areas. Maintenance of natural sediment supplies in the

rivers, Delta, and San Francisco Bay is closely
linked to the following:
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¯ streamflow, In most cases the supply necessary to sustain
functions and habitats for specific watersheds is

¯ floodplain processes, not known. Preliminary targets for cubic yards of
gravel needed below dams have been prescribed

¯ stream meander processes, for selected rivers.

¯ riparian, wetland, and aquatic habitats, The following general approach includes actions
that will sustain existing natural sediment sources

and manystressorsincluding: and restore natural sources that no longer
contribute to the sediment supply of rivers and the

¯ dams, Delta.

¯ levees, ¯ Protect existing natural sediment sources in
river floodplains from disturbances such as

¯ bank protection, bank protection, gravel mining, levees, dams,
changes in streamflow, and changes to natural

¯ dredging, and stream meanders.

¯ gravel and sand mining in the floodplain. ¯ Artificially maintain sediment supplies below
dams that block natural sediments in rivers.

]~MPLEMENTATION OBJECTIVE~ ¯ Increase the availability of sediment stored in
banks and riverside _floodplains by removing

TARGETS~ AND PROGRAMMATIC bank protection.

ACTIONS
¯ Enhance and restore natural stream bank

erosion and stream meander processes.

The implementation objective for natural
sediment supply is provide sufficient quantities to
reactivate and maintain ecological processes that REFERENCES
create and sustain habitat ~required for healthy
fish, wildlife and plant populations.

California Department of Water Resources. 1992.
The general targets are to conserve and augment Data base. Division of Safety of Dams.
the natural sediment supply by increasing the Sacramento, CA.
availability~ of upstream sediment sources on
select streams, increasing the availability ofCalifornia State Lands Commission. 1993.
sediment stored in banks~ and riverside California’s rivers. A public trust report.
floodplains, increasing the extent of natural February. Second Edition. Sacramento, CA.
stream bank erosion and channel migration,
increasing the transport of sediment to the Delta
and to spawning reaches of streams, increasing
the deposition and stability of sediment within the
Delta, and increasing the extent and distribution
of shallow water habitats and tule-willow islands
in the Delta.
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STREAM MEANDER

INTRODUCTION formation of oxbows, sloughs, and side channels
that create a highly productive interaction between
aquatic and t~rrestrial communities, (e.g., canopy
shading and leaf and insect drop over the fivefine

A "stream meander" is a dynamic natural process, aquatic bed). Therefore, many species of fish,and is alSO a term used to describe the shape of the
river as a sinuous or bending wave form. Rivers

amphibians, and insects can find suitable habitat in

with active stream channel meander zones
stream meanderlandscapes.

generally support a greater diversity of aquatic and Rivers that flow through their own valley alluvium
terrestrialhabitattypes. (i.e., gravel, sand, and silt deposited earlier in time)

Major factors that limit natural stream channel
have the potential to shift position. Rivers shift

migration include construction of levees, bank position when banks erode and sediment is

fiprap, channelization, upstream sediment loss
deposited. Bank erosion and sediment deposition,
form bars that block or redirect fiverflow, The bars

from dams and levees, instream gravel mining, also stimulate additional erosion as the rivervegetation removal for increased floodway
capacity or for reclamation of the river floodplain

channel migrates away from the bar.

for agricultural uses and the storage of water and
release pattern from State Water Project, Central TheprobabilityfOllowingthatcharacteristicsit will of a river increase thechange course during
Valley Project, and other large water development
projects within the Central Valley.

winter/spring flows:

natural stream
¯ high average sediment or bedload source,

Approachesto restoring more
meander corridors include conserving existing

erodible bank and bed deposits (e.g., sand and

river migration zones, expanding stream meander gravel);

corridors, conserving upstream and bank sediment
supply, and incorporating simulated flood peaks

¯ potential for extreme flood peaks, and

into dam water release schedules during wet years. ¯ a low density of mature vegetation along the
channel.

RESOURCE DESCRIPTION Meandering streams typically support a wider
corridor of natural habitats than channelized rivers.
River flora and fauna are adapted to the changing,

The width and habitat patch size of riparian forest unstable nature of alluvial streams. They tolerate
on meandering streams tend to be large and their stems being buried by deposits of river
connected. The forest is always being replenished sediment and disperse seeds by wind and water to
by new territory colonized by cottonwood and locations where new bars have formed.
willow trees on recently formed point bars and Meandering streams typically form the pool-riffle
floodplain deposits, sequence that supports, a range of fish habitats. The

leading edge of the eroding side of the bend
The flow velocity in meandering streams varies generates new sediment and gravel from the bank
greatly, causing sediment and organic debris to be and topples riparian trees into the channel. These
sorted into different sizes at different locations processes create high-quality aquatic cover and
within the channel along a velocity gradient. Other provide food and substrate for aquatic insects on
habitat benefits from meandering streams include which fish feed. Sediment lost at the eroding bank
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is transported downstream and redeposited onRiver or gravelly, barren floodplains along the
point bars. This process initiates the habitatYubaRiver).
colonization and bank renewal process. When
pronounced bends are formed, an unimpeded riverTo support a natural, dynamic stream meander
will eventually cut off the bend by eroding asystem, the following important characteristics are
"shortcut" across the inside bend during highneeded, and identified stressors must be overcome
flows. Through this process, backwater swales andor compensated for:
oxbow lakes are formed, providing important
juvenile fish rearing areas and sources of foodweb̄ A supply of gravel and sediment that matches
production, the net transport and displacement of channel

sediment and bedload. Dams interfere with the
Rivers with armored banks (rock riprap) or natural sediment supply from upstream, while
naturally stable stream channels are more likely to levees, instream gravel mining, and bank
have urban or agricultural land use encroach into protection projects deplete channel and
the riparian floodplain and forest. This floodplain sediment supplies. Most of the
encroachment often leaves room for only a narrow major tributaries of the Sacramento and San
band of trees or shrubs along the bank and results Joaquin Rivers have large dams above an
in low habitat quality for fish and wildlife. Alluvial elevation of 300 feet. Most of the length of
rivers with artificially hardened banks and static these rivers in the valley floor are being mined
channels suffer a general loss of diversity and or have been mined for gravel, and all are
quality at the interface of aquatic and terrestrial confined by leveed and incised channels along
habitats. Unfortunately, making rivers more substantial portions upstream of the Delta.
predictable has led to a decline in fiver ecosystem
quality because the species and habitats that¯ A series of periodic flood peaks sufficient
evolved on rivers are dependent on the changing, magnitude and duration to remobilize and
natural disturbance cycles of meandering streams, rearrange gravel and cobble deposits, transport

sand and fine sediment to form new or
All Central Valley streams ha~,e been affected by expanded point bars, and erode banks or low
stressors that diminish stream meandering and bars on outside bends. Dam releases typically
associated aquatic and riparian habitats. However, tame flows or eliminate flood peaks in dry or
significant reaches .of several large rivers still normal years. Tamed flows reduce bedload
support full or partial characteristics of a dynamic transport capacity while increasing base flows
stream meander pattern. The best example in during summer. Channelization and levee
California is the Sacramento River between Red confinement cause high flows to become
Bluff and Butte City. Other important examples deeper to compensate for less floodplain
include the San Joaquin River (from Mossdale to width, resulting in artificially increased
Merced River); the Merced, Tuolumne, Cosumnes, sediment transport capacity. This reduced
Feather, and Yuba Rivers; and Cottonwood, Stony, capacity prevents sediment capture in the
and Cache Creeks. offchannel floodplains and removes sediment

from shallow shoal and bar deposits. The
Natural meander belts tend to be the least affected absence of frequent high-energy flows also
where there are no major levees or where levees prevents the scour of riparian vegetation,
are set back several hundred feet from the main reducing the rate of natural sediment and
channel bank; on rivers that have high flow stage cottonwood regeneration.
during frequent flood peaks, thereby discouraging
land conversion to urban or agricultural uses; and̄ Dense vegetation occupying the channelbanks
on rivers with floodplain soils that are not -and adjacent low floodplains, to stabilize the
conducive to high-yield crops or orchards (e.g., river planform (i.e., modulate the annual rate
saline hardpan soils along the lower San Joaquin of bank migration), reduce riverflow velocities
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to cause new sediment to aggrade on bars,
build topsoil in higher floodplains, and VISION
provide shade and instream woody cover to the
aquatic zone. Narrow channels created by
levees set too close to the low-flow shoreline The vision for stream meander is to conserve and
separate the river from its floodplain and leavereestablish areas of active stream meander by
little room for riparian vegetation. Bank implementing stream conservation programs,
protection eliminates or reduces vegetation onsetting levees back, and reestablishing natural
outside bends. Channel hardening discouragessediment supply to restore riverine and floodplain
both erosion and point bar formation, resultinghabitats for fish and wildlife.
in a static, similarly-aged stand of riparian
forest and a narrowing or discontinuity of the
riparian cover. Artificially narrowed channels
may require periodic vegetation removal to INTEGRATION WITH OTHER
maintain minimum floodflow capacity and are RESTORATION PROGRAMS
more likely to require expensive bank riprap to ¯

protect the vulnerable levees during high
flows. Ecosystem. Restoration Program Plan (ERPP)

efforts may involve cooperation with other
¯ Adequate floodplain width to absorb and pass programs and organizations. These include:

out-of-bank flows (i.e., the natural flood
stage), capture fine sediments, store and filter̄ Upper Sacramento River Fisheries and
woody debris, and, most importantly, make Riparian Habitat Advisory Council (SB 1086)
room for the progressive meander migration of group efforts and fiver corridor management
the river channel within its floodplain. Loss of ~ plans implemented for the Sacramento River
river floodplain functions has converted (Resources Agency 1989);
dynamic riverine ecosystems to static
conveyance .facilities for the transport of¯ U.S. Army Corps of Engineers’ proposed
irrigationanddrinkingwaterand floodflow reevaluation of the Sacramento River Flood
management. Urban encroachment in Control Project and ongoing Bank Protection
floodplains and meander belts usually follows Project, including more comprehensive
river confinement and bank hardening, floodplain management and river ecosystem

restoration opportunities;
¯ Development of innovative means to meet

local or riparian water supplies without the ¯ proposed riparian habitat restoration and
need to install bank protection for diversion floodplain management studies for the San

: points. Creation of these hard points to protect Joaquin River, including potential new flood
diversions also impairs natural stream bypass systems and expanded river floodplains
migration. In general, diversions situated on lands recently acquired by the California
within designated stream meander zones Department of Parks and Recreation and U.S.
should be modular and designed to be Fish andWildlifeService(USFWS);
removable to accommodate stream meander.

¯ Anadromous Fish Restoration Program gravel.
In general, the loss of river meander potential and replenishment programs and plans and small
functions in the Central Valley has resulted in dam removal and/or fish ladder rehabilitation
more sterile river ecosystems upstream of the
Delta. Supports less habitat for anadromous and

projects;

resident fish and provides less nutrients and food̄ The Nature Conservancy’s ongoing
to the Delta.
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Sacramento Valley conservation planning;Stressors that impair the health of stream meander
expansion plans being made for thecorridors include:
Sacramento River National Wildlife Refuge
(USFWS) and California Department of Fish [] Dams, reservoirs, weirs, and other human-
and Game’s Sacramento River Wildlife made structures;
Management Area;

[] Levees, bridges, and bank protection;
[] The Cosurnnes River Preserve which is a joint

project of The Nature Conservancy, [] Gravel mining;
Department of Interior, Department of Water
Resources, Department of Fish and Game,[] Invasive riparian plants; and

[] Wildfires in the riparian zone.
WildlifeConservationBoard,andothers.

[] Plans for the San Joaquin River Parkway;
plans being put into effect for all county-
sponsored instream mining and reclamation IMPLEMENTATION OBIECTIVE’
ordinances and river and stream management
plans; and reclamation planning assistanceTARGETS~ AND PROGRAMMATIC
programs being initiated under the Surface ACTIONS
Mining and Reclamation Act by the California
Department of Conservation.

The implementation objective for stream meander¯ The Riparian Habitat Joint Venture which corridors is to maintain, improve, or restore natural
promotes the coordinated development ofstream meander processes to allow the natural
riparian restoration plans with the primaryrecruitment of sediments, create habitats, and
purpose of conserving migrant land birds, promote riparian succession.

The general targets and .actions which will
LINKAGE WITH OTHER contribute to restoring healthy stream meander

, ECOSYSTEM ELEMENTS corridors include the following.

EXISTING RIVER MIGRATION ZONESHealth stream meander corridors are dependent on
the following ecological processes:

Appropriate reaches of the Sacramento and San[] Central Valley streamfl0ws,
Joaquin Rivers and their major alluvial tributaries
will be evaluated. Suitable portions will be[] Natural sedimentsupplies, and designated as important river migration and
floodplain deposition zones, or "meander belts." In

[] Natural floodplains and flood processes, these zones, natural erosion and sedimentation

Habitat supported by healthy stream meander
processes occur or could potentially occur
unimpeded (within reasonable limits), sustaining acorridors are primarily related to riparian anddiversity of sediment-driven habitats.

riverine aquatic habitats¯

These river reaches and potential meander zonesMany fish, wildlife, plant species, and plantwill beeligibleforriverconservationprogramsandcommunities are dependent on the riparian zone
appropriate landowner incentives once they have

associated with stream meander corridors.
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been evaluated and ranked according to ecologicalhas been acquired for wildlife management as part
process and function characteristics. Remainingof the San Luis National Wildlife Refuge. Another
Central Valley stream reaches where naturalexample is north Delta islands, where land
meander processes occur will be mapped andsubsidence and frequent levee failures have
ranked according to the level of meander-systemdiminished the value of fanned land.
functions, the quality of dependent habitats, and
the contribution to Delta species and important 1
physical processes. UPSTREAM AND BANK SEDIMENT SUPPLY

STREAM MEANDER CORRIDORS The first step in restoring upstream and bank
sediment supply is to identify and rank the
sediment contribution of remaining nondammed

Levees and floodplains along rivers of thetributaries of alluvial rivers. These tributaries help
Sacramento and San Joaquin Valleys will besupport the dynamic equilibrium of meandering
evaluated to determine if some levees can be setstream corridors and spawning gravel areas. River
back to create new meander corridors or nodes of reaches where bank and floodplain gravels and
expanded floodplains and wider riparian forest,sediment deposits are, or could reasonably be
This approach also benefits flood safety andmade, available to meandering rivers through
reduces flood protection maintenance costs bynatural erosion processes must also be identified.
repositioning levees outside the primary bankA variety of approaches will be needed to ensure
migration pathway of alluvial streams, reducing thethat these remaining river sediment supply sources
need for expensive rock riprap, and reducing theare conserved.
potential for levee breaches. Enlarging inadequate
floodplains will increase the volume of safeThe potential ecosystem benefits of county mining
floodflow, while allowing additional riparian ordinances which incorporate incentives and
vegetation within the channel to close gaps in thepolicies that promote replacing instream gravel
forest canopy. Riparian vegetation will tend tomines with offchannel mines in high terrace
naturally recolonize stream meanders in areasdeposits, abandoned dredger tailings, and reservoir
where the channel is widened because point barDelta deposits should be evaluated. The objective
development and sediment capture will beis to phase out instream gravel extraction that
enhanced. Vegetation removal practices, requireddisrupts natural meander geomorphology and
in confined channels, are reduced with leveedepletes annual sediment supply.
setbacks. The Sacramento River between Chico
Landing and Colusa is an example of a partial
levee setback that benefits both flood safety and DAM RELEASE SCHEDULES DURING
habitat quality while reducing levee and channel WET YEARS
maintenance costs.

In other areas, land use changes and landThe potential for modifying reservoir storage
management costs in floodplains outside existingmanagement during wet years will be investigated.
levees may no longer justify continual leveeReleases during wet years could simulate the
upkeep and future bank protection costs. Theseseasonal pattern of natural, short-duration flood
areas present additional potential for expandedpeaks. The magnitude and duration of major
river meander zones. Levees could be removed,natural flood peaks cannot be restored in rivers
breached in key locations, or allowed to graduallybelow large reservoirs, but even short duration
erode from river migration processes. An examplehigh flows can contribute significantly to the
is the floodplain of the lower San Joaquin Riverphysical forces that support meander formation.
near Los Banos, where former livestock pastureThis was demonstrated by the exPerimental flows
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released on the Colorado River below Glen
Canyon Dam, which redistributed channel
sediments from tributaries to create new fish
habitat and substrate for riparian vegetation. Dam
releases can be combined with nonregulated
tributary inflow below the reservoirs to create flow
spikes of sufficient magnitude to mobilize bed and
bank sediments, clean spawning gravels, and form
new river corridor landforms.

REFERENCES

California State Lands Commission. 1994.
California’s river’s. A public trust report.
Second edition. February. Sacramento, CA.

ResOurces 1989. Sacramento RiverAgency. Upper
fisheries and riparian habitat management
plan. The Resources Agency, January 1989.
158p.
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NATURAL FLOODPLAINS AND FLOOD PROCESSES

INTRODUCTION eventually the Bay-Delta estuary, provide low-
velocity refuge for fish and other aquatic
organisms during floods, and provide spawning
habitat for fish species dependent on the Bay-Floodplains and flood processes provide important

seasonal habitat for fish and wildlife, and provideDelta. Major factors that have disrupted

sediment and nutrients to both the flooded landsfloodplains and flood processes in the Delta and its

and aquatic habitats of the rivers and Bay-Delta.tributaries include construction of levees that

Flooding also shapes the associated plant andconstrict the floodplain, dams and reservoir

animal communities. Major factors that reduce
operations that moderate flow and block sediment,
and activities that maintain flow capacity in majorfloodplainandfloodprocessescontributionstothe

health of the Central Valley rivers and the Bay-flood bypasses. Approaches to restoring more

Delta include construction of levees that constrict
natural floodplains and flood processes include
conservingexisting natural floodplainsandthe floodplain, dams and reservoir operations that

moderate flows, and activities that maintain flow
expanding confined floodplains.

capacity in major flood bypasses.

Before reclamation, Central Valley rivers and the RESOURCE DESCRIPTION
Bay-Delta were comprised primarily of tidal and
riverine floodplains in the form of vast tule islands,
perennial grasslands, and riparian fringe corridors,A natural floodplain is an important component of
intersected by permanent open water channels andrivers and estuaries that allows many essential
secondary sloughs. Today only the primary openecological functions to occur. Healthy floodplains
water channels remain, bordered by narrow, steep-are morphologically complex, including
sided floodplains sandwiched between the channelbackwaters, wetlands, sloughs, and distributaries
and the levee. Floodplains of the Bay-Deltathat carry ans store floodwater. Floodplain areas
provided a matrix for the interaction of secondarycan constitute islands of biodiversity within semi-
channel shorelines with tule marsh, riparian scrub,arid landscapes, especially during dry seasons and
grasslands, and intertidal community types,extended droughts. The term floodplain as used
Floodplains are essential to a balanced sedimenthere means.the.generally fiat area adjoining rivers
budget by providing an area having lower velocityand sloughs that is flooded by peak flows every
than the main channel, thereby capturing fine1.5-2 years and exceed the capacity of the channel
sediment and organic debris, and providing a more("bankfull discharge"). Peak flows in winter and
stable substrate for many vegetation types tospring thathappenevery 1.5-2 years are considered
flourish. During winter and spring flood events,by river geomorphologists to be the "dominant
floodplains provide important velocity refugia fordischarge" that contributes the most to defining the
resident and anadromous fish. shape and size of the channel and the distribution

of sediment, bar, and bed materials. Larger flood
Floodplains reduce flood stages by slowing flowevents can cause major changes to occur, but they
velocities, moderate channel incision and scour bydo not happen often enough to be the decisive
providing a wide area for bank overflow, factor inrivergeomorphology.
contribute to species diversity by creating the
landforms that support different communities,A more common use of the term floodplain refers
contribute to the aquatic foodweb when overbankto the 100-year floodplain as determined and
floodflows collect and transport organic mattermapped by the U.S. Army Corps of Engineers
from the floodplain back to channelsand (Corps) and Federal Emergency Management
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Agency (FEMA). This definition is used to prepare Levees placed close to riverbanks have allowed
land-use and flood-management plans, human encroachment on river floodplains. Human

encroachment on the floodplains of rivers accounts
Active floodplains provide many ecologicalfor the predominance of flood-related damage.
benefits by: Central Valley rivers that have little or no

remaining natural floodplain, typically have the
[] Slowing flow velocities lowest ecological values and present the greatest

risk of flood damage to adjacent lands. Large-scale
¯ Moderating channel incision and scour byreclamation and separation of low-lying land

providing area for bank overflow alongside rivers, streams, and estuaries have
eliminated major habitat areas including riparian

¯ Contributing to species diversity by creatingforests, marshes, and upper tidal zones.
landforms that support different communities

On many tributaries, large reservoirs and diver-
¯ Contributing to the aquatic foodweb by sions have also reduced the size of natural

collecting and transporting organic matterfloodplains. Reservoirs and diversions reduce the
from the floodplain back to Channels and frequency and duration of bankfull discharge and
eventiaally the Bay-Delta estuary restrict channel flow to the low-flow channel most

of the time, including during the wet season. In this
¯ Providing low-velocity refuge for fish and case, a stream no longer comes into contact with its

other aquatic organisms during floods floodplain except during high-magnitude, low-
frequency flood events. These types of streams

¯ Providing spawning habitat for fish speciesmay experience channel straightening and incision.
dependent on the Bay-Delta. The reduction of flood frequency on the lower

floodplain often encourages encroachment of
[] Providing habitats for wildlife such asagricultural land uses and even recreational

shorebirds and dabbling ducks, and in highdevelopment on the area that once supported
rainfall years, diving ducks, diverse floodplain habitats.

One benefit of levees and flood control reservoirsFloodplains reduce flood stages in the Delta,
is reducing the extent of and hazards within therivers, and streams by increasing the cross-
100-year floodplain and similar high-magnitude,sectional area of the channel and slowing flow
low-probability storm events, as experienced in thevelocities. Under overbank flow conditions, the
January 1997 flood. The 100-year floodplain is river merges with its floodplain, increasing the
related to a natural river floodplain but does notcapacity of the river to move and temporarily store
apply to the following discussion of ecosystemlarge volumes of storm flow. Slow-moving water
functions as supported by flood processes. Acovering large riverine floodplains and adjacent
predicted 100-year floodplain covers a much largerbasins naturally detains the volume of floodwaters
area than a natural floodplain of a river, slough, orentering the Delta and leveed reaches of the lower
stream at bankfull discharge. Sacramento and San Joaquin Rivers. Temporary

floodplain storage thereby reduces the peak stage
At higher flow, water spills out of the channel andof flood events in the Delta region and other
flows over the flat-lying land near the river. Riversectors of the levee system, and gradually releases
channels are not large enough to accommodatethe storm water as flood waters recede. The
higher discharges without overflowing. Thisprolonged inundation of floodplains, such as can
process of out-of-bank flow is a common but little be observed in the Yolo and Sutter Bypasses and
recognized attribute of rivers and their floodplain.Stone Lakes basin, is highly compatible with the

natural flood tolerance of seasonal wetland and
riparian vegetation and animal life.
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Floodplains capture and store sediment, build soil,of inundation. Scour effects are also greatest
and reduce the need for dredging channelsnearest thechannelbanks. The build-up of natural
downstream and in the Delta. The overbank flowlevee mounds and ridges may trap floodwaters in
across a floodplain is wider and more shallow thanshallow, marshy basins formed between the
in the channel. The flow often encounters moreoutermost high ground and the sediment ridge
resistance from vegetation along the outer banks,deposited alongside the channel. These physical
which causes the river to lose energy in theprocesses combine to create highly variable
floodplain areas and, in turn, causes sand and finevegetation community types and age classes over
sediment to be deposited. Natural levee moundsthe floodplain surface. The variation in plant
parallel the channel banks are created by thespecies and community structure provides a wide
deposited sediment. The sediment also builds soilarray of habitat types and interfaces, resulting in
to support forests and grasslands. Naturalthe notably high wildlife species diversity found in
floodplains are thus able to capture and storeriverine and estuarine corridors.
enormous volumes of fine sediment spread over
large areas, balancing the river’s sediment budgetFloodplains are a major source of nutrients and
and preventing the clogging of channels andorganic matter for the aquatic zone. Floodwater
estuaries downstream, passing over fiat-lying lands captures organic

material, carbon and nutrient-rich soil particles,
Floodplain overflow moderates channel incisioninsects, and fallen trees. These materials are
and bank scour. The term stream power refers to transported at high flow stage to backwater basins,
the ability of riverflow to erode the bed and bank estuaries, and secondary channels that may then
by the shear stress created by deep, high-velocity,return the organic "cargo" to the river and Delta
turbulent water. Rivers and streams confined to aaquatic zone. Tliese organic components provide
narrow channel by bedrock canyon walls or microhabitats, prey items, and nutrients that sustain
constructed levees have greater stream power thanzooplankton, aquatic invertebrates, and small fish
alluvial rivers with unconfined adjoiningin the rivers and Delta.
floodplains. Energy and flood volume diverted into
the overbank floodplain regulate the stream powerOrganic debris and dislodged trees may be
acting on the channelbed and banks and, in concertcaptured by the filtering effect of the floodplain
with the binding effect of shoreline vegetation,during one year, forming debris piles as
prevent channel instability. Stream meanderfloodwaters recede, and then be resuspended or
moderates the rate of change. Although manyswept away by a subsequent inundation of the
rivers and streams tend to experience some bedfloodplain. Without a floodplain to cycle buoyant
incision during high winter flows, the floodplainmatter conveyed by rivers and streams at high
overflow capacity moderates stage increases andflow, most of the organic matter generated would
channel velocities that would otherwise causebe flushed through the system without being fully
excessive channel incision and widespread loss ofused. By detaining floodwaters longer than in the
riparian vegetation and riverine bed habitats duringmain channels, floodplains increase the residence
major storm events. Wide floodplains also reducetime of nutrients, phytoplankton, and zooplankton,
the scour effects on levees and bridge piers duringwhich promotes greater energy use and higher
high flows, productivity of the foodweb entering the Delta.

Floodplains contribute to habitat, and therefore,Floodplains provide safe haven and spawning
species diversity. During bankfull discharge, aareas for native Delta and valley fish species. Fish,
flow/energy gradient exists from the channelbanksespecially juveniles, seek lower velocity refuge
to the outermost extent of the natural floodplain,from turbid, turbulent floodflows in rivers and
The flow/energy gradientresults in a streams. Vegetated floodplains adjoining channels
correspondinggradientfrom larger to smaller provide ideal velocity refuge and overhead and
particle deposition and greater to lesser frequencyinstream cover during high-flow events. Here,
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small juvenile salmon, steelhead, and residentspawning habitat for native fish such as splittail.
native fish can avoid excessive predation andIn other cases, riparian vegetation is removed from
weather the inhospitable stormflows in the mainthe floodplain to optimize flood conveyance
channel. Some fish species important to the Delta,capacity if it is assumed that the predicted 100-year
such as splittail, will disperse from the rivers andflood or "design flow"event will exceed the
sloughs into shallow, vegetated floodplains tocapacity of the channel.
spawn. Splittail recruitment is highest during wet
years when the floodplains of the Delta and rivers,Dams and reservoir operations reduce the natural
such as the lower Yolo basin, are flooded for apeaks of a typical flood flow pattern, thereby
10rig time. reducing inundation of the natural floodplain.

Large reservoirs on most of the Sacramento and
Floodplain function is affected by a number ofSan Joaquin Rivers tributaries capture the 1.5- to

and including 2-year bankfull discharge. Water releases fromcommon widespreadstressors,
levees and dams,. Levees restrict the width andreservoirs limit the magnitude, frequency, and
extent of floodplains in rivers and the Bay-Delta.duration of higher channel-forming flows that
In some areas, levees are only slightly wider thanwould otherwise spread into the lower floodplain
the channel at low flow, such as along theareas adjoiningrivers. Reservoirs also capture most
Sacramento River downstream of Colusa.of the incoming fine sediment that is needed to
Restricted floodplains typically cause deeper flowbuild soil on the floodplain. The net effect is to
and faster channel velocity during high stage. Theyconvert rivers and streams below dams into much
also restrict the amount and width of allowable orsmaller versions of the original channel and
potential riparian vegetation, and have a low ratiofloodplain.
of shallow-water habitats to deep, open water.
Channels in these areas typically have a trapezoidalManaged reservoir releases may not be sufficient
section, rather than a more natural compoundto interact with the remaining patches of floodplain
channel with low bank angles and one or mdre flat-except during higher magnitude stormflows. This
lying floodplain surfaces. Under these conditions,is especially true on rivers such as the American
channels typically have a high depth-to-width ratioRiver, where there are no major nondammed
which is inherently unstable during high flows thattributaries downstream of Folsom and Nimbus
can remobilize deep layers of channel bedDams. Channel incision that often follows dam
materials. The physical processes necessary toconstruction and associated loss of the natural
sustain floodplain habitats be absent or themay sediment supply further exacerbatesshrinkage
diminished. Within the Delta and Suisun and Sanof the floodplain alongside the lowered channel.
Pablo Bays, levees restrict the extent of tidal
floodplains inundated by higher high tides andFlood management programs and policies affecting
storm flow surges passing through Delta sloughsthe Sutter and Yolo Bypasses discourage
and rivers, vegetation in the floodplain. Although the Yolo

and Sutter Bypasses provide some of the physical
Narrow floodplains along streams limit naturalfunctions of natural flooding and floodplain
floodplain vegetation. Along rivers and streamsbenefits, the full ecological potential of the
contained within levee systems, the width of thefloodplain is not realized because of the artificially
floodplain is restricted, and much of the remaininguniform grade and generally sterile, nonvegetated
floodplain surface has been reclaimed for orchardcondition of most of the bypass system. As recently
and cropland.    Floodplain narrowing and as 1960, there were still hundreds of acres of
conversion to cropland provides less inundation ofnatural grassland and valley oak woodland in the
vegetated areas during normal high water events,bypass system, most of which have been removed
thereby reducing the input of critical nutrients andto improve floodway conveyance and make way
organic materials that typically come from afor more intensive cropping patterns.
natural wide floodplain, and limiting rearing and
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VISION INTEGRATION WITH OTHER
RESTORATION PROGRAMS

The vision for natural floodplains and flood
processes is to maintain or restore the processesAttaining the vision for natural floodplains and
that sustain them by conserving existing intactflood processes will involve coordination with
floodplains and modifying or removing barriers toother programs and organizations, including:
overbank flooding to reestablish aquatic, wetland,
and riparian floodplain habitats. ¯ Upper Sacramento River Fisheries and

Riparian Habitat Advisory Council (SB1086
Measures for conserving and enhancing natural group) efforts and fiver corridor management
floodplains and flood processes are complimented plans implemented for the Sacramento River;
by the visions for natural sediment supply, natural
fluvial geomorphology, and stream meander̄ studies underway by the state Reclamation
corridors. If the floodplain, meander width, Board and DWR to evaluate the aftermath of
sediment supply, and natural or simulated flood the January 1997 flood damage, levee stability,
peaks are in place, the river will respond by and future floodplain risk assessment;
creating natural landforms. These natural
land forms supportself-sustainingvegetation ¯ the U.S. Army Corps of Engineers’ planned
communities and aquatic and terrestrial habitats, reevaluation of the Sacramento River Flood
Even partial restoration or simulation of natural Control Project and ongoing Bank Protection
physical processes and floodplains will enhance Project, including more comprehensive
channel characteristics and resultant habitats, floodplain management and river ecosystem

Conservation and management of natural existihg restoration opportunities;

floodplains should be promoted. Cooperative¯ proposed riparian habitat restoration andefforts with the U.S. Army Corps of Engineers and floodplain management studies for the SanCalifomia Department of Water Resources (DWR) Joaquin River and its major tributaries, under
should be developed to map and describe the supervision of the State Reclamation Boardhydrologic characteristics and conditions of all and Corps of Engineers, including potential
remaining natural riverine and estuarine new flood bypass systems and expanded fiver
floodplains not separated from channels by levees floodplains on lands recently acquired by theor irreversible stream incision. Remaining California Department of Parks and Recreation
floodplains that interact with bankfull discharge

and U.S. Fish and Wildlife Service (USFWS);and higher high tides should be maintained as ’
active floodplains because of their ecological̄

the San Joaquin River Parkway Plan;functions and habitat potential, as well as .their

flood management benefits.o ¯ various plans for the restoration of tidelands
(i.e., tidal floodplains) in the north San Pablo

Flood processes and floodplain functions can be Bay and Suisun Bay; and
restored to many rivers, streams, and estuaries
where levees are no longer essential for flood̄

.multiagency plans or studies to breach levees
safety or where agricultural uses are marginal or and reopen floodplains of islands of the north
problematic because of poor drainage, high Delta, including Liberty and Prospect Islands,
maintenance costs, or frequent sand deposition, and Little Holland Tract.
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LINKAGE WITH OTHER areas within active floodplains of rivers and
estuaries.

ECOSYSTEM ELEMENTS
Floodplain expansion can be implemented in one
of the following ways:

Maintenance of .natural floodplain and flood
processes in the rivers closely [] Set back levees along channels and tidalandDeltais linked
with stream flow, sediment supply, and stream sloughs to expand the width of the river’s
meander processes, riparian, wetland, and aquatic floodplain within the levee system. This
habitats, and stressors including dams, should be evaluated riversmany approach onmany
levees, bank protection, dredging, and gravel and and tributaries as part of the overall
sand mining in the floodplain, reevaluation of the valley’s flood control

infrastructure and floodplain management
policies.

IMPLEMENTATION OBJECTIVE~
[] Acquire flood easements on agricultural and

TARGETS~ AND PROGRAMMATIC natural lands to allow a greater frequency and
ACTIONS extent of floodplain inundation.

[] Breach or remove levees from channels that
The implementation objective for natural are confined by narrow levee corridors, where
floodplains and flood processes is to modify feasible. In farmed areas, much of the land
channel and basin configurations in order to could continue to be farmed, if desirable,
improve floodplain function along Central Valley because most flooding would occur in limited
rivers and the Bay-Delta. areas and only during the non-growing season.

This approach may have wide applicability to
General targets to restore health to floodplains and the low-lying plains of the San Joaquin River
flood processes include: and lower tributaries and should be studied

together upgrades.with levee
[] conserving and expanding floodplains of

Central Valley rivers and Bay-Delta by [] Modify bypass and channel vegetation
augmenting the natural flood processes management policies to allow greater
including increasing the average floodplain vegetative cover on existing floodplains.
width and linear extent of low areas beyond Where needed, compensate for increased
channel banks subject to bankfull discharge; channel roughness by implementing other

flood control projects upstream that reduce
[] promoting flood detention in flood basins and, peak flood water surface elevations.

where appropriate, encouraging wetland
formation, [] Expand floodplains and bypasses and add

additional flood relief structures to reduce
[] increasing the frequency of inundation of maximum flood stage .in the. channels.

vegetated floodplains connected to rivers and Expanded floodplains will allow for more
tidal channels; increasing the extent of tidal vegetation and habitat within the channels, as
inundation at or above mean high tide; and well as the potential to provide greater flood

protection. The Corps of Engineers and the
[] reducing the extent of trapezoidal channels Governor’s Flood Control Task Force will be

within levees and floodways; and increasing evaluating the need for new flood relief
the acreage and connectivity of natural habitat structures for the Sacramento and Feather

Rivers along the Colusa Basin and Sutter:
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Basin and for the San Joaquin River and lower
tributaries along the extensive historic river plains.

¯ Breach or remove levees along Delta sloughs
and former diked tidelands of the Bay.
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CENTRAL VALLEY STREAM TEMPERATURES,

INTRODUCTION Delta may stress young chinook salmon migrating
downstream to the ocean. High summer water
temperatures in ~the Sacramento River near

Water temperatures ifi Central Valley rivers and      Redding may stress the eggs and fry of winter-ran
chinook salmon.    Unusually high water

streams and in the Bay-Delta are detemained by thetemperatures in periods of drought were primary
natural heating and cooling process of water
bodies. Water temperature is controlled by water

factors in historical declines of salmon and other

source (i.e., dam releases, runoff, and discharges),
fish species.

surface water and groundwater inflow, geo-
morphology (e.g., depth), tides, riparian shading,

Although stream temperatures fluctuate daily,
seasonally and in response to meteorological

water clarity, and, most often, air temperature,conditions (e.g., air temperature and the amount of
Water temperature is a major factor in habitatsunshine), many important ecological functions are
suitability f or aquatic organisms. Unnaturally highdependent on a relatively narrow temperature
water temperature can become a stressor to manyrange. For example, salmon and steelhead require
aquatic organisms. ,54°F to 57°F to spawn and eggs require water

Major factors that limit water temperature contri-
temperatur.es below 57°F. Growth of young
salmon and steelhead is generally Optimal in thebutions to the health of the Bay-Delta are disrup-

tion of historical streamflow patterns, loss of
50-60°F range.

riparian vegetation, stored water releases from
reservoirs, and discharges from agricultural drains.

Stream temperatures regulate important ecosystem
functions including:,

¯ Algae blooms,
RESOURCE DESCRIPTION

¯ Aquatic invertebrate reproduction and growth,

Natural biochemical processes, as well as aquatic̄ Fish migration,
organism physiology and behavior (e.g.,
respiration, feeding, growth), are partially con-̄ Fish spa~cning,
trolled by water temperatures. Many native aquatic
organisms, such as chinook salmon, depend on[] Fish development and growth, ~:
cool water for spawning, rearing, and migrating.
For example, adult salmon migrating upstream[] The general wel!-being of aquatic organisms,
through the Delta and into the rivers are stressed
when water temperatures reach into the 58 to 65°[] Metabolism and behavioral cues of aquatic
Fahrenheit (F) range, which may delay migration organisms,
and spawning, which in turn may affect sport
fishing and potentially production of juvenilē The amount of dissolved oxygen (DO) avail-
salmon, able in the water body, and

High fall water temperatures in the Delta maȳ Rates of organic material decay and nutrient
delay upstream migration of fall run chinook recycling in aquatic habitats.
salmon from the Bay into and through the Delta.
High spring water temperatures in the rivers and

W ~
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The ability to control water temperature in rivers springs) are two important seasonal sources of cool
and the Delta is limited because water temperaturewater.
is most strongly influenced by air temperature.
Some temperature regulation is available throughMaintaining cool water below reservoirs is
control over streamflows, discharges of warmespecially important because salmon and steelhead
water into rivers and the Delta, and the extent ofare blocked from reaching their historic spawning
inundation and shading of floodplains. Temp-and rearing grounds in headwaters in these rivers.
erature can be controlled to some extent below
major Central Valley reservoirs by the selectiveThe water from many Central Valley streams is
release of warm or cold water from different depthsimpounded by large multipurpose reservoirs (as
behind the dams. - well as by smaller diversion dams) that limit the

, upstream migration of anadromous fish into higher
Construction and operation of Shasta Damelevation tributaries historically used for spawning
dramatically altered the flow regime and thermaland rearing. The operations of these reservoirs can
characteristics of the Sacramento River (Hallockbe used to maintain adequate stream temperatures
1987). Hallock observed that water released in thein the segments immediately downstream of the
spring was often too cold for rapid growth of reservoirs, but these temperature control operations
juvenile fall- and late-fall-run chinook salmon, andmust be integrated with other water management
that water released in August and September wasobjectives.
often too warm for successful spawning and
incubation of spring- and winter-run chinookStream temperature is a major habitat condition
salmon eggs and alevins, that exerts a strong influence on many biochemical

processes. Temperature controls the maximum
The Shasta Dam Temperature Control Deviceconcentration of DO in water. Fish and other
allows operators to release water from differentaquatic organisms require adequate amounts of DO
depths or combinations of depths to regulate thein water to survive. The maximum DO
temperature in upper portions of the lowerconcentration is higher at 50°F than at 70°F.
Sacramento River. Intake shutters on Folsom DamHigher temperatures also increase the decay of
allow water to be released from three differentoxygen-consuming organic materials further
layers into the lower American River. Most largereducing total DO concentration.
reservoirs have only one deep water intake in the
cold water zone of the reservoir. The amount ofMany fish behavior and physiological functions,
cold water that can be released from Central Valleysuch as spawning, are controlled by temperature.
reservoirs is limited, especially in drought years.Fall-run salmon begin to spawn when stream

temperatures fall to 60°F. Salmon-egg survival is
Temperatures in Central Valley streams follow aa strong function of temperature, declining to near
seasonal pattern. Water temperatures are con-zero at temperatures greater than 62°F. Successful
trolled primarily by meteorological conditionsholding of adult winter-run and spring-run salmon
(indicated by air temperature fluctuations),until spawning requires temperatures below about
Although Central Valley air temperatures range60°F, Temperatures below 65 °F are considered
from 30°F to over 100°F, stream temperatures necessary for successful steelhead rearing.
generally range from about 40°F to 80°F.
Coolwater fish generally require stream temp-The Sacramento River Winter-runChinook
eratureslowerthan65°F. Lower temperatures areSalmon Recovery Team reported that water
easily achieved in high mountain streams but aretemperatures in the upper Sacramento River result
more difficult to maintain in streams at lowerfrom the complex interactions of: (1) ambient air
elevations and along the valley floor. Releasestemperature, (2) volume of water, (3) water
from major reservoirs and groundwater (e.g.,temperature at release from Shasta and Trinity

dams, (4) total reservoir storage, (5) location of
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reservoir thermocline, (6) ration of Spring Creek VISION
Powerplant releases to Shasta Dam release, and (7)
tributary inflows (NMFS 1997).

The vision for Central Valley stream temperatures
Splittail trawl catches in Suisun Marsh are highestis to restore natural seasonal pattems of water
in summer when salinities are 6 to 10 parts pertemperature in streams, rivers, and the Delta by
thousand and water temperatures are 59 to 73°Fprotecting and improving ecological processes that
(U.S. Fish and Wildlife Service 1996). regulate water temperature and reducing stressors

that change water temperature. Appropriate water
Wang (1986) reported that delta smelt spawn intemperatures will provide suitable fish spawning,
fresh water at temperatures of 44 to 59°F. In recentholding, and rearing habitat conditions and
years, ripe delta smelt and recently hatched larvaecontribute to the recovery of species and overall
have been collected at temperatures of 59 to 72°F,health of the Bay-Delta.
so it is likely that spawning can take place over the
entire 44 to 72°F range (U.S. Fish and Wildlife ’
Service 1996).

Natural temperature conditions in Central Valley
streams vary along a continuum on a "longitudinal
gradient" from the mountain headwaters to

Cool temperatures also affects’the growth rate ofmeandering lowland rivers, and on to the Delta.fish. For example, at 50°F, about 100 days are restoration needs forTherefore, streamtemp-needed for rearing juvenile fall-run salmon to aeratures vary for different streams and stream
size suitable for outmigration (3 inches). Rearingsegments. These needs will vary by stream and
at 45 °F would require about 140 days; rearing atstream segment, depending on existing conditions.
55°F would shorten the growth period to about 80 The needs and opportunities to protect and managedays. Fish spawning in different streams will,Central Valley stream temperatures will depend on
therefore, have different timing and duration forthe conditions of the stream channel and riparian
spawning, growth, and migration, corridor, as well as the existing water supply (i.e.,

reservoir storage) of each tributary stream.
Hatchery temperature objectives are often targeted
to provide maximum growth without increasingA primary restoration need will be to maintainmortality from excessive rates, of respiration and

relatively low water temperatures in summer anddiseases that are more prevalent at higherfall for anadromous fish populations in the
temperatures. Coldwater virus disease (IHN) isupstream portion of each major tributary to theoften a substantial problem at temperatures below

Delta, especially those tributaries with larger50°F. Salmonid temperature objectives infoothill reservoirs and impassable dams. In
relatively wet years, with full reservoirs and highhatcheriesare thereforegenerallywithin the

50-600F range, which is much lower than the full
reservoir releases for downstream diversions, waterrange of Central Valley water temperatures, temperatures below the major Central Valley
reservoirs are maintained within the 50-60°F target
range. However, as available water supply
declines (i.e., in drier years), the ability to maintain
sufficient carryover storage to sustain the release of
cool water and to release sufficient flows to control
downstream temperatures for salmon and steelhead
rearing is substantially reduced. Sustaining
adequate temperatures below reservoirs and power
diversion dams is needed to provide coolwater
anadromous fish habitat within the existing Central
Valley multipurpose water resources management
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framework. Flexibility in managing streamhabitat from supporting many fish. Low-level
temperatures will be an important ingredient in theoutlets can be used for releases to Clear Creek.
successful restoration of Central Valley naturalEfforts to manage temperatures in Clear Creek
resources, could be implemented as on the Sacramento River.

Particular attention has been given to water
temperatures below Keswick Dam because thisThe temperature of Lake Oroville releases to the
area is the only remaining spawning habitat on theFeather River is controlled (e.g., temperature
Sacramento River for winter-run chinook salmon,control panels) for the Feather River Hatchery and
Extremely warm water in 1976 and 1977 was the "low-flow" channel. The objective is to main-
likely a major cause of the decline in winter-runtain temperature for natural spawning and holding
chinook salmon although the Red Bluff Diversionof spring-run salmon and steelhead. Carryover
Dam likely contributed to the sustained lowstorage, sufficient to maintain low fall water
population of winter-run chinook throughout thetemperatures, is limited during droughts. The
period following the 1976-77 drought, even when California Department of Water Resources (DWR)
water temperature impacts were moderated. Onlyis exploring operations of the Oroville-Thermalito
very low populations of winter-run salmon havecomplex to determine whether improved stream
been maintained since this drought event, whentemperature controls can be achieved. As at Shasta
Shasta Reservoir storage declined to less than 1Dam, additional means for controlling temperature
million acre-feet. The California Department ofare needed for these adaptive management efforts
Fish and Game (DFG) and the Anadromous Fishto provide optimal water temperatures within the
Restoration Program (AFRP) suggest that Shastaoverall water management framework. One such
Reservoir carryover storage should not drop belowmeans would be additional storage water dedicated
1.9 million acre-feet to ensure an adequate supplyto temperature control in the Feather River below
of cold water for release in summer and fall. TheLake Oroville and Thermalito Reservoir.
Temperature Control Device, when operational,
will provide additional flexibility in temperatureYubaRiver water temperatures are considered well
control and conserving cooler reservoir waterssuited for salmon and steelhead below Englebright
through the summer and fall. Dam (the first impassable dam), but flows and

riparian vegetation have been insufficient to
The State Water Resources Control Board maintain target temperatures below the Daguerre
(SWRCB) has added water temperature require- Dam, the major water diversion dam on the lower
ments below Keswick Dam (and in the Trinity Yuba below Englebright Dam. The Yuba County
River below Lewiston Dam) to the water rights for Water Agency is evaluating the temperature
Shasta and Clair Engle Reservoirs. A multiagencycontrol potential of New Bullards Bar Reservoir (a
Sacramento River Temperature Task Force ismajor storage reservoir upstream of Englebright
responsible for the adaptive management ofLake on the North Fork of the Yuba River) and is
Sacramento River water temperatures. It reports toworking with AFRP and DFG to develop an
SWRCB on the effects of its temperatureadaptive management strategy for Yuba River
management and the resulting winter-run chinookflows and temperatures. Again, like at Shasta and
spawning and rearing success each year. TheseOroville, additional storage dedicated to water
water management decisions are more difficult intemperature and possibly the addition of
years with limited water supply, temperature control devices on major storage

reservoirs could improve the water temperature
Whiskeytown Reservoir releases to Clear Creek, a conditions on the lower Yuba River.
tributary to the Sacramento River, are sufficiently
cool to support salmon and steelhead. However,Many of the upper Sacramento River tributaries are
since 1965, insufficient streamflows and fish-largely nonregulated. Water temperatures on these
passage problems have prevented this potentialstream and in the Sacramento River at their
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confluence could be improved by managing watermaintain slightly lower water temperatures with
diversions and improving riparian vegetation, adequate shading. Minimizing discharges of warm

water such as agricultural drains into rivers and
The U.S. Bureau of Reclamation (Reclamation)Delta will help sustain cooler temperatures further
has recently modified the Folsom Dam temperatureinto the spring and earlier into the fall Although
control panels to provide some additionalwater temperature changes would be small,
temperature management potential; however, thepossibly less than an degree or two, such changes
relatively low storage capacity of Folsom Reservoirare significant when overall water temperatures are
limits the ability to control temperatures at thestressful or approach lethal levels for some species.
Nimbus and in the lower AmericanHatchery
River. Additional storage dedicated for water Although historical stream temperatures can be
temperature and potential improvements toused as a guideline for establishing stream temp-
temperature controls at Nimbus Dam coulderature targets, the actual management of temp-
improve water temperatures in the lower Americaneratures for each tributary or river segment will
River. require coordination with all agencies and

stakeholders. Therefore, stream temperature
Temperatures in the San Joaquin River tributariestargets should be developed within the existing
(Mokelumne, Stanislaus, Tuolumne, and Mercedmultipurpose water resource management frame-
Rivers) are controlled by a combination of cold- work for each watershed. The relative ecological
water reservoir releases and streamflowvalue of streamflow and temperature should be
management. Although initial efforts to monitorestimated for each tributary stream. Streamflow
and control water temperatures on these rivers haveand temperature should be accurately monitored
begun, the upstream segment of each may requireand rapidly evaluated for both short-term and long-
additional reservoir and flow management actions,term management decisions.    This basic
Actions similar to those described above, forstreamflow information will then allow for flexible
Shasta, Oroville, New Bullards Bar, and Folsom management of streamflows.Flexible
Dams could be implemented. Long-termmanagement will allow temperatures to become a
agreements to adaptively manage reservoirs on. major, element in the restoration of ecological
these San River tributaries needed functions and benefits the SacramentoJoaquin are to throughout

~ provide the best possible flow and temperatureand San Joaquin River basins.
conditions for fish habitat while also protecting the
other existing beneficial water uses.

INTEGRATION WITH OTHER
Another primary restoration need will be to
maintain cool temperatures through the spring and RESTORATION PROGRAMS
again in the fall in the Delta and lower rivers to
provide for upstream migrating adult and
downstream migrating and rearing juvenileWater temperature in Central Valley streams is
anadromous fish. Low flows either naturallybeing addressed under the Central Valley
occurring or caused by water storage or diversionsImprovement Act (CVPIA) subsection 3406(b)
are the problem in these areas. Although control ofprograms being administered by the USFWS.
water temperature is limited in the lower rivers andWater temperature is also addressed in various
the Delta, restoring natural flows, riparianbiological opinions and .recovery plans (e.g.,
vegetation, connecting marsh-sloughs, andwinter-run chinook salmon) for threatened and
reducing warm water discharges should benefitendangered species. Water temperature is also a
water temperatures in small but significant ways.common criteria in water quality standards for
Shallow water habitats with adequate shade willvarious rivers and the Delta.
not locally warm to intolerable levels for species
dependent on them. Dead-end sloughs will
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There are several important ongoing programs that biological opinion for winter-run chinook
attempt to improve the multipurpose water salmon and the AFRP each have specific
management of Central Valley streamflows and temperature recommendations and
temperature conditions. The vision for stream requirements); and
temperature management is to complement and
coordinate (where conflicts exist) these existinḡ US.GS’s water resources division programs to
streamflow and temperature management measure streamflow and temperature to
programs. Several agencies are directly or provide the information necessary for adaptive
indirectly responsible for stream temperature management of stream temperatures.
management. ERPP supports the policies and
decisions of these individual agencies and could
provide resources to implement stream-temperature LINKAGE WITH OTHER
management actions and mediate conflicts between
water management goals of individual agencies. ECOSYSTEM ELEMENTS

Important stream-temperature management
responsibilities and programs of agencies include:Water temperature is a primary ecological process

closely linked with other processes, habitats, and
¯ DWR’S operation of Lake Oroville to satisfy species. Water temperatures are dependent on

DFG hatchery andstream temperature streamflow and riparian vegetation. Stressors
objectives; including water diversions and agricultural

¯ Reclamation’s operation of Central Valley
drainage discharges affect water temperature.

Project reservoirs to achieve specific
temperature criteria or objectives for salmon IMPLEMENTATION OBJECTIVE,
and steelhead habitat conditions;

’TARGETS, AND PROGRAMMATIC
¯ Federal Energy Regulatory Commission’s ACTIONS

regulation of minimum flows below
hydropower projects throughout California
(e.g., Butte Creek temperatures below       The implementation objective for Central Valley
CentervilleDiversionDam); stream temperatures is to maintain, improve, and

restore water temperature regimes in order to meet
¯ SWRCB’s administration of water rights and life history needs of aquatic organisms.

water quality objectives (in coordination with
Regional Water Quality Control Boards) General targets to achieve healthy Central Valley
necessary for beneficial uses and for fishstream temperatures include:
protection below reservoirs and dams;

¯ Maintaining water temperature below 57°F in
¯ DFG’s responsibility to study and recommend salmon and steelhead spawning areas during

stream temperature requirements for fish spawning seasons below major dams on rivers.
protection and propagation in streams and at The ability of meeting this broad target will be
hatcheries; influenced by in some drainages by the

quantity and quality of coldwater stored
¯ USFWS’s and the National Marine Fisheries behind the larger dams.

Service’ s programs to recommend
temperatures needed for mitigation of impacts
from federalprojects (e.g., hatcheries) and
protection of endangeredspecies (the
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¯ Maintaining water temperature below 58 to to provide a solid basis for adaptive stream
60°F in salmon and steelhead rearing areas in temperature management decisions; and
late winter and spring.

¯ Increasing Feather River flows in the "low-
¯ Maintaining water temperature below 65 °F in flow" channel to a maximum of 2,500 cubi~

oversummefing areas of salmon and steelhead, feet per second (cfs) and reducing the flows
through Thermalito Forebay and Afterbay

¯ Maintaining water temperature below 70°F in released to the Feather River. Thermalito
migratory routes of anadromous fish in spring releases can have a major effect on down-
and fall. Meeting this targe~ in the lower stream temperatures; only water needed for
Sacramento River, lower San Joaquin River, irrigation diversions and peaking power
and in the Delta may be difficult in many years generation should be diverted (energy from the
as there is no practical, short-term means by Thermalito power plant would be reduced).
which to reduce water temperatures.

Because temperatures are an important habitat
Several stream actions should be condition and can with changes in othertemperature vary

implemented immediately. There is generalfactors, there should be a substantial commitment
agreement that these actions will improve streamto continued monitoring and evaluation of the
temperatures without having significant impacts onphysical, chemical, and biological processes and
water supply or energy resources. Many of theseecological functions that are governed by stream
actions have been recommended by DFG and bytemperature.
AFRP but have not been implemented because of
limited financial resources. They include:             Many stream-temperature management actions will

require a slightly longer implementation period
¯ Increasing coldwater releases, frombecause additional information is needed for

Whiskeytown Lake to Clear Creek to allow careful planning decisions, or because detailed
restoration of the habitat along this 18-miledesigns for new or modified facilities are required.
stream segment for salmon and steelheadNevertheless, the necessary planning studies and
spawning and rearing; Whiskeytown Lakeengineering design work can be initiated on the
could be coordinated with the operation of following longer term actions:
Shasta Dam to minimize impacts on the water
supply;                                      ¯ Establish coordinated stream-temperature

management teams for each major stream.
¯ Developing a long-term agreement with Coordinated teams could follow the approach

Pacific Gas and Electric used the Sacramento River WaterCompany(to provide by
appropriate compensation for energy losses) to Temperature Task Force to help Reclamation
monitor temperatures and provide bypass allocate and schedule releases for Sacramento
flows in the lower North Fork and South Fork River temperature control. This cooperative
segments of Battle Creek to maintain Suitable management approach attempts to maximize
temperatures for holding, spawning, and streamflow and temperature benefits while
rearing habitat for spring-run and winter-run maintaining other beneficial uses of water.
chinook salmon and steelhead; The choice between carryover storage and

increased releases for temperature control can
¯ Restoring stream temperature monitoring best be made by this type of adaptive manage-

capability at several U.S. Geological Survey ment team. Potential conflicts between
stream gages and other strategic locations of different fish populations and other water uses
Central Valley streams, combined with can also be addressed using this strategy.
improving fish sampling and counting devices
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¯ Restore blocks of riparian habitat that are summer and fall releases. Because some
sufficiently large (>50-100 acres) to create air carryover storage must be maintained to
convection currents, which will cool adjacent provide desirable temperatures downstream,
riverwater temperatures, specific reservoir releases for water supply

may be reduced in some dry years.
¯ Restore and protect the stream channels and

riparian corridors (i.e., pools, gravelbeds, and ¯ Provide sufficient summer and fall stream-
vegetation). Minimizing wanning along the flows to maintain adequate holding and rearing
stream gradient and providing habitat features temperatures for spring-ran, fall-run, and
will allow fish to use cool water areas in deep winter-run salmon of less that 60°F and
pools and springs, steelhead trout of less that 65°F in streams

supporting these populations. This may~
¯ Develop a compretiensive series of reservoir require limiting hydropower diversions or

and stream temperature models. The models providing higher reservoir releases than would
would be used to investigate the effects of otherwise be required for downstream
possible modifications to reservoir facilities diversions.
and stream channel and riparian corridor
conditions. These calibrated models can form
the basis for adaptive management of Central REFERENCES
Valley streamflows and temperatures within
the overall framework of multipurpose water
management objectives and constraints. Hallock, R.J. 1987. Sacramento River system

salmon and Steelhead problems and
To protect and improve Central Valley stream enhancement opportunities. A report to thetemperatures, a responsible balance must be California Advisory Committee on Salmon
achieved between water management for temp- and Steelhead Trout. June 22, 1987.92 pp.erature controls and other beneficial uses of the

available water supply.                              NMFS. 1997. NMFS Proposed Recovery Plan for
the Sacramento River Winter-run ChinookTo be implemented, these measures may require Salmon. National Marine Fisheries Service,that water from willing sellers be purchased or
Southwest Region, Long Beach, California.water exchanges negotiated and alternative

supplies explored. There are two generalU.S. Fish and Wildlif~ Service. 1996. Recovery
programmatic actions: : Plan for the Sacramento/San Joaquin Delta

Native Fishes. U.S. Fish and Wildlife Service,Provide sufficient storagecarryover and
selective withdrawal facilities in major Portland, Oregon. 195pp.

reservoirs. These measures would help opti-Wang. J.C. 1986. Fishes of the Sacramento-San
mize summer and fall release temperatures to Joaquin estuary and adjacent waters,allow spawning and rearing of winter-run and

California: A guide to the early life histories.fail-run salmon. A target temperature of 56°F Interagency Ecological Study Program for the
during spawning and egg incubation is appro- Sacramento-San Joaquin estuary, Technical
priate because salmon eggs have increasingly Report 9.
high mortality rates as temperatures rise above
56°F and total mortality above 68 percent. ~
The Shasta Reservoir temperature device is
being constructed to allow warmer water to be
released in spring and early summer to reserve ¯
more of the cooler water (at greater depth) for
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BAY-DELTA HYDRAULICS

INTRODUCTION of unnatural flow patterns which is particularly
evident in the channels of the southern and central
Delta.

The Delta of today is greatly altered from its
historical condition. Historically, a complex,

Hydraulic processes are an extremely important

dendritic of channels drained extensive aspect of the Bay-Delta system and refers to the

marsh plains.arraYNow, theses channels have been~ seasonal and daily direction and velocity of flows

replaced by a greatly simplified network of
in Bay-Delta channels. The direction and velocity
of flow and their distribution in time and location

uniform channels, are important factors in habitat preferences of

The Delta waterways generally contain fresh
Bay-Delta organisms, erosion and sedimentation

water, with brief incursions of slightly brackishprocesses, migratory cues for organisms, and

water into the northern and eastern Delta. Thismany other ecological processes and functions in

incursion is more pronounced during the spring
the Bay-Delta. Major factors that affect hydraulics
of Bay-Delta channels include streamflow,

and early summers of very dry years when the
discharges from the Sacramento and San Joaquin

sediment composition, and channel configuration.

rivers are low. This differs from the naturalFlow conditions in Delta channels affect foodwebpattem in which brackish water intrusion naturally
occurred in late summer and early fall. production, transport of organisms through the

Delta, and vulnerability to south Delta pumping

Beginning in the mid 1800s, the Delta has beenplant diversions. The Bay-Delta estuary provides

subject to the effects of alteration of the naturalimportant fish spawning, rearing, and migrating

seasonal patterns of river discharge, Deltahabitats. The Bay-Delta also serves as an

morphology, and tidal prism. These factorsimportant link in nutrient cycling and provides for
high levels of primary (plant) productivity thatinteracttodeterminewatermovementpatterns

and salinity distribution in the Delta. Salinitysupplies the aquatic foodweb.

levels in Delta waters is primarily a result of tidal -
prism and stage, and net Delta outflow. It is also
influenced by prevailing wind direction and RESOURCE DESCRIPTION
velocity. Daily tidal cycles result in flows in the
lower San Joaquin River of to 300,000 toup
400,000 cfs, and the spring-neap cycle altersNonimpeded tidal action into tidal wetlands
water surface elevations and salinity levels on aaffects sediment and nutrient supplies into those
monthly basis, wetlands and complements natural marsh

successional processes. Tidal action associated
Other factors that now contribute to alteration orwith flows out of tidal wetlands transports
moderation of historic flow patterns in Deltanutrients and organic carbon into aquatic habitats
waterways and channels include operation of theof the Bay-Delta.
CVP/SWP pumping plants in the south Delta, the
Suisun Marsh Salinity Control Structure, the DeltaHydraulic patterns in the Delta are important to
Cross Channel (DCC), and a:temporary flow the survival of delta smelt, longfin smelt, striped
barrier on the San Joaquin River at the head ofbass, chinook salmon, and other fish dependent on
Old River. The DCC and Old River Barrier affect the Sacramento-San Joaquin Delta. Unfavorable
flow rates, direction,and water surface elevations,hydraulic conditions, such as net flow moving
At times, these factors contribute to the creation
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south to Delta export facilities instead of moving VISION
west toward Suisun Bay, reduce fish survival.

Improved hydraulic patterns will increaseThe vision for hydraulic processes in the
residence times of Delta water; provide moreSacramento-San Joaquin Delta is to restore
natural downstream flows; and improve rearingchannel hydraulics to conditions more like those
and spawning habitat, nutrient cycling, and

that occurred during the mid-1950s by
foodweb integrity, maintaining hydraulic conditions to provide

Delta hydraulics are determined by a combination
migratory cues for aquatic species; transport flows
for eggs, larvae, and juvenile fish; and transport of

of flow parameters including Delta inflow, Deltā sediments and nutrients.
diversions, tidal flows, and facility operations
(e.g., operation of the DCC gates). Cross-Delta
water flow to the south Delta pumping plants
reduces residence time of water in the Delta and INTEGRATION WITH OTHER
alters flow direction and magnitude. RESTORATION PROGRAMS

Unfavorable hydraulicconditions decrease
juvenilechinooksalmonsurvivalas theymigrate The objective of one current program, the
from the Sacramento River through the Delta.Temporary Barriers Program in the south Delta, is
With a high rate of north-to-south flow from the to improve the quantity and quality of irrigation
Sacramento River through the DCC andwater to agricultural users in the south Delta. A
Georgiana Slough into the central Delta, youngsecondary objective is to provide a physical
salmon may become lost or delayed within thebarrier in spring at the head of Old River at its
Delta, or may become more susceptible to beingjunction with the San Joaquin River to reroute
drawn to the south Delta pumping plants, outmigrating San Joaquin fall-run chinook salmon

downstream and away from the export facilities.
Favorable hydraulic conditions are important forIn fall, a partial rock barrier modifies channel
chinook salmon because the Delta is a migrationhydraulics to reduce the risk of dissolved oxygen
corridor and also provides rearing habitat,blocks near Stockton and to ensure that a greater
Juvenile chinook salmon rearing in the Delta arepercentage of attraction water from natal streams
exposed to adverse hydraulic conditions forreaches the Central and West Delta Ecological
approximately 1-3 months until they are ready toUnit.
migrate to the ocean.

The DCC gates are required to be closed under the
Other species, including striped bass and deltaterms of the National Marine Fisheries Service’s
smelt, are also subject to being drawn south acrossbiological opinion on winter-run chinook salmon
the Delta to the pumping plants. Because theand the 1995 Water Quality Control Plan to
water has a short residence time, the food supplyreduce impacts on salmon migrating down the
is generally poor for those fish drawn into orSacramento River. The gates can be closed at the
residing in the central and southern Delta. request of the California Department of Fish and

Game for half of November, December, and
January. The DCC gates are then closed from
February 1 through May 15.
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LINKAGE WITH OTHER exhibited when the ecosystem was functioning in
a healthy state (e.g., 1960s).

ECOSYSTEMELEMENTS
The general approach to attain the target include
the following:

Bay-Delta hydraulics are closely linked to the
health of aquatic habitats in the Bay-Delta and the[] The effects of water exports and lower
aquatic resources that depend on these health riverflows can be reduced by altering Delta
habitats. These include: channel configurations to improve system

hydraulics. The two ecological units that have
[] Tidal perennial aquatic habitat, the greatest need for improved hydraulics are

the South Delta and Central and West Delta
[] Delta sloughs, and Ecological Units.

[] Midchannel islands and shoals. [] The greatest opportunities to restore hydraulic
processes to reference levels that occurred

Species and species groups that are dependent on when the estuary was healthier are linked to
healthy hydraulic conditions in the Bay-Delta the water and storage alternatives. The
include: potential for restoration is limited by a water

storage and transport component that has its
[] Delta smelt, only export facilities located in the South

Delta Ecological Unit. Under that condition,
[] Longfin smelt, increased storage upstream or downstream of

the Delta could reduce exports in portions of
[] Striped bass, months andsome improvehydraulicsduring

those times. There is a greater potential to
[] Chinook salmon, and restore hydraulic transport patterns with a

water storage and transport component that
[] Many other estuarine and resident aquatic allows for exports to occur from outside of

species, the internal Delta during major portions of the
year. Other more limited opportunities exist
that are associated with storing water in the

IMPLEMENTATION OBJECTIVE~ Delta, using physical barriers in strategic
locations in the Delta, broadening specific

TARGETS~AND PROGRAMMATIC sloughs to increase their flow-bearing

ACTIONS capacity while reducing water velocities, and
restoring large acreages of tidal wetlands and
tidal channels to increase the tidal volume of

The implementation objective for Bay-Delta the estuary.

hydraulics is to establish and maintain a hydraulic
regime in the Bay-Delta to provide migratory
cues, create and maintain habitat, and facilitate
species distribution and transport.

The general target for restoring and maintaining
healthy Bay-Delta hydraulics is to focus on
restoring hydraulic patterns typical of those
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BAY-DELTA AQUATIC FOODWEB

transported, and highly nutritious; whereas mostINTRODUCTION
vascular-plant debris begins as coarse particulate
organic matter that must be colonized and partially
decomposed by bacteria before being usable by

The aquatic foodweb of the Bay-Delta ecosysteminvertebrates and fish.
is the web of organisms through which energy
transfers up through the different trophic levelsThe Bay-Delta foodweb has undergone many
from the lower level that includes the plants to thechanges since the 1960s. Most notably, algal
highest level that includes the fish, water birds, andabundance (as measured by chlorophyll
marine mammals. Each level in the web receivesconcentrations in waters of the estuary) has
energy, from the lower levels. The lower ordeclined in important fish nursery areas of Suisun
primary producer level gets energy fromBay and the western Delta. Lowered algal
photosynthesis or basic forms of dissolved organicabundance in Suisun Bay coincides with very low
compoundsin the water. The secondlevelis Delta outflow during drier years, particularly in the
generally the primary consumers or herbivoresdrought years, such as 1977_and 1987-1992, and
(e.g., bacteria and algae-eating zooplankton) that’with very wet years, such as 1983 and. 1995.
feed on the plants or plant products. SecondaryHowever, many species of zooplankton underwent
and tertiary consumers are further up the foodweb,their largest declines between 1970 and 1980, well

in advance of the 1987-1992 drought (Obreski et
al. 1992). Chlorophyll levels greater than 20

Total productivity of the Bay-Delta estuary is micrograms-per-liter (/xg/1) represent in Suisun Bay
dependent primarily on the amount of plantonly twice since 1986.
biomass produced and the efficiency in which the
energy is transferred up through the higher levelsOver the past three decades, chlorophyll
of the web. The Bay-Delta aquatic foodweb is concentrations upstream in the western Delta have
derived from energy created by many kinds ofbeen similar to those in Suisun Bay. As in Suisun
plants, some of which are grown in the Bay-DeltaBay, concentrations are lower in dry years and very
waters and adjacent dparan and wetland habitat,
while others are from upstream or land
production.

RESOURCE DESCRIPTION 50 Suisun Bay a.0 I

Plant contributions to the estuary foodweb consist ~ a0 t--4 ~ 2.0
mostly of benthic algae and phytoplankton .=~ 1.5                                     ~
produced in the estuary and its watershed, o i l.0 ~
"Benthic" foodweb organisms are bottom ° |0.5
dwelling, whereas plankton spend most of their - I, ~
time drifting in the water column. Vascular-plant 0.0

debris contributed from terrestrial or wetland ~9 ~7~ ~7s ~97a m~ ~a4 m7 .9o m3"096
~Year

communities adjacent to the system also contribute

[ r~ Oflorophyll (uncorrected for phaeopigments)[
tO the foodweb. Algae are generally small -~P~htiveDettainflow
(diameter <0.1 millimeters [mm]), easily ¯
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W~stern D~lta                                         San Pablo Bay
30                                             3.012                                                                    3.0

o
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=
~ ;~ 6 1.5 "~

0 0.0 0 0.0
~69 ~72 ~75 ~78 ~81 ~ ~87 ~ ~93 ~ ~81 ~87 ~93 ~~72 ~75 ~78

~ ~mphy~ (~co~cted for phaeop~mems)

]

~ ~omphy~ (~co~c~ed ~r phaeop~ments) ~
~ ~htNe ~ka ~flow ~ ~htNe ~ka ~ow

wet ye~. productive water. Such levels have been past two decades, productivity in ~ese ch~nels,
achieved in only two ye~s since 1986. ~though rem~ning relatively high, has declined.

~vels in 1993, 1995, ~d 1996 were low, possibly
A pa~em ofve~ low chlorophyll levels in Suisun because of high flows (as in 1982, 1983, ~d
Bay ~d the westem Delta be~nning in 1987 has 1986); however, lower ~ expected levels in
caused concern ~ong m~y scientists. These low recent d~ ye~s ~e a concern.
levels may be the result of high densities of Asi~
clams (Potamocorbula amurensis) which ~ wet ye~, some ~gae ~d o~er pl~t mate~ in
colonized the Bay after being accidentally Suisun Bay ~d the Delta ~e tr~spo~ed tidily
introduced from ~e b~last waters of ships. L~ge downstre~ into the wider exposes of S~ Pablo
numbers of the cl~s colonized this ~ea of the Bay ~d other potions of San Fr~cisco Bay.
estu~ du~ng the drought pe~0d from 1987 to Sp~ng ~d su~er chlorophyll levels in S~ Pablo
1992. Bay ~e generally low comp~ed wi~ ~ose in

Suisun Bay ~d the Delta. Pa~ concentrations in
Some of the plant production appe~ng in the the past three decades in S~ Pablo Bay occu~ed
Delta ~d:Suisun Bay is washed down from sou~ in wet years (1980, 1982, 1983, 1984, 1986, ~d
Delta ch~nels and the San Joaquin ~ver. 1995).

levels in these ch~nels reachedChlorophyll an~̄ Aquatic inve~ebmte population trends have v~ed
signific~tly over the past three decades. Species

Sou~ernDelm ~at once dominated the aquatic inve~ebrate
3.0         co--unity have become relatively sc~ce such as

~ 2.5 while o~e~ haveZ0 Eu~temor~dNeomysis, some
~ 2.0 increased in relative abund~ce. M~y native

~ ~.o ~
species have become less abundant or more

~ 4o na~owly distributed, while dozens of new non-
~ ~ 0.~ native species have become well established and

o o.o widely dispersed. Over, l, the abundance of
~9 ~7~ ~7~ ~7a ~ ~4 ~7 ~o ~9a ~9~ inveaebrate plankton has declined, while mostYear

~mphy~(unco~ecteaforphae~pigmems) notably populations of Asian clams, have
¯ RehtNe Delta ~flow incre~ed. ~is ~sifion h~ been most evident in

Suisun Bay and o~er tradition~ly impo~ant
fish-re~ng ~eas such as the western Delta and

average of more than 100 ~ in spring ~d Montezuma Slough in Suisun M~sh. Also in these
summer of some ye~s in the e~ly 1970s. h ~e ~e~, populations of rotifers, copepods, and other

~ ~
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relatively small species have declined substantiallyMuch of.the plant biomass and other forms of fine
since monitoring began in the 1960s. This patternparticulate organic matter consumed by
is perhaps most dramatic for the mysid shrimp,zooplankton in the Bay-Delta is transported from
which has declined to less than one-tenth of itsthe Sacramento and San Joaquin Rivers and
former abundance, particularly since 1986. Theaccumulates in the western Delta and Suisun Bay.
continued decline from 1993 to 1995, despite theSome organic matter also comes from the lower
return of higher flows, is of particular concern,mainstem rivers and from side channels, side
These declines in zooplankton abundance havesloughs, and floodplain lakes. Large amounts of
roughly coincided with the decline in algae, one oforganic matter and associated bacterial biomass
the main food sources for the zooplankton, enter the rivers, Bay, and Delta as crop residue,

leaf litter, dead tule stems, and other organic debris
The deterioration of the zooplankton communityfrom riparian corridors, floodplains, or other areas
and its algal food supply in key habitat areas of thesubject to periodic flooding by tides and high
Bay-Delta is a serious problem because stripedflows. Historically, considerable organic material
bass, delta smelt, chinook salmon, and otherentered the rivers and Bay-Delta from sewage and
species that use Suisun Bay and the Delta as afood-processing plants. These point source
nursery area feed almost exclusively onloadings have since been reduced as part of an
zooplankton during early life. Limited researchoverall effort to improve water quality.
indicates that survival and growth of fish larvae
may improvewith increased concentration of The San Joaquin River contributes a
zooplankton. Declines in. the production ofdisproportionately high percentage of the food
juveniles of thesefish species appear tocoincideresources supplied to the Delta. The river’s

chlorophyll levels are among the highest recorded
for temperate rivers anywhere in the world. San
Joaquin River water has a relatively long hydraulic
residence time and high phosphorus and nitrogen

160 levels. Under these circumstances, algae have an
1~o abundant supply of nutrients and enough time to

_~1~ process them before being swept downstream into
~16o the Delta. The Sacramento River, by contrast, has
~ eo relatively low nutrient levels throughout most of its

~ 6o
length and a comparatively short residence time

~ ~o
and, therefore, low productivity.

~o These differences between the San Joaquin and
0 ~ ~ ~ ~s, ~ ~ ,~ ,~ ~, ~ Sacramento Rivers are partly a result of natural

~ ~ ~o ~ ~, ~ ~ ~o ,~ differences in regional soils and hydrologic
conditions, but are also a function of how the twoMay-OctoberChlorophyllInflow to Delta, 1975-1993
rivers have been engineered and operated to meet
water supply needs. The San Joaquin River is

with the declines in algae and zooplankton,fertile and sluggish from May to October because
Modifying the Bay-Delta ecosystem in ways thatit consists primarily of agricultural return flows. In
will lead to increased algae and zooplanktoncontrast, the Sacramento River consists primarily
abundance, such as increasing the residence timeof reservoir releases that are relatively nutrient
of water in the Delta, may be critical to restoringpoor. Although the San Joaquin River accounts for
Bay-Delta fish populations and improving theonly 17% of Delta water inflow from May through
health of its ecosystem. October, it contributes 60% of the plant material

flowing into the Delta.
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From May through October, the amount of plant Bay almost as fast as the Delta can supply it. The
material flowing out of the Delta exceeds theAsian clam is, therefore, considered an important
amount transported in from the rivers by an"stressor" that will likely hamper efforts to restore
average of 44%. This difference results fromthe Bay-Delta foodweb; however, clam densities
production of algae within the Delta. Most of theand the extent of their upstream distribution in the
plant material transported to or produced withinestuary have declined since 1993 with the onset of
the Delta flows out of the Delta, either through thehigher freshwater winter and spring inflows
main channel connecting the Delta with Suisunassociated with wet years in 1993, 1995, and 1996.
Bay or by way of the project pumps in the southern
Delta. Of the total outflow of water and The decline of andplant plankton populations
.material from the Delta (i.e., project exports pluschlorophyll concentration in the Bay-Delta may be
"net Delta outflow" to Suisun Bay), on averagea result, at least in part, of the effects of heavy
two-thirds goes to Suisun Bay and one-third ismetals, herbicides, pesticides, and other toxic
exported by the pumps, substances. Low concentrations of these substances

in the water column may act individually or in
The proportion of the organic material in the Deltacombination to reduce productivity of plant and
that reaches Suisun Bay varies considerably fromanimal plankton. Laboratory tests of Delta water
year to year and depends, in part, on prevailingon sensitive organisms indicate periodic toxicity of
flow conditions. At higher flows, much of theDelta water.
organic material brought in by the rivers will travel
to Suisun Bay or farther to San Pablo Bay or VISION
central San Francisco Bay. At low flows, a greater
proportion remains in the Delta or is exported from
the south Delta pumping plants. The vision for the Bay-Delta aquatic foodweb is to

restore primary and secondary production to levelsIn addition to serving as a critical habitat area forcomparable to those during the 1960s and earlyfood production and accumulation, Suisun Bay is
1970s. Restoring the Bay-Delta foodweb wouldan area of intense food consumption. Before the
require enhancing productivity and reducing lossprolonged drought that began in the mid-1980s,of productivity as a result of water exports from the

high densities of copepods, young mysid shrimp,
and other planktonic grazers usually accompanied

system, particularly in drier years.

relatively high chlorophyll levels in Suisun Bay.AlthoughzooplanktonabundancehasdeclinedinDozens of species of filter-feeding clams and othersuisun Bay, herbivore productity (i.e., productivity
benthic grazers joined in the intense foodof Potamocorbula( in suisun Bay is still very high.

Thus, in Suisun Bay, energy from primaryconsumption.Sincethe droughtendedin 1993,
however, chlorophyll concentrationshave production flows mainly to the benthos instead ofremained low in Suisun Bay. to zooplankton in the water column. The vision is

also evaluate means by which to restore primaryinThe Asian clam is likely respOnsible for this lack
and secondary productionand increasing

of plankton recovery. This non-native marine
bivalve was first detected in Carquinez Strait in

zooplankton biomass.

1986. Since then, it has become very abundantThere are several means to enhance Bay-Delta
throughout San Pablo Bay and Suisun Bay and, inproductivity. A by which to maintain or increasedry years, extends upstream into the western Delta.

productivity is to reduce the loss of nutrients,It is estimated that the clam can effectively filter
plants, and animal plankton to water diversions.

the entire water column within 24 hours.Additional improvements can be gained byTherefore, some scientists believe that these clamsincreasing shallow-water habitat and tidal wetlands
are effectively removing algae and other fine
organic materials from the water column of Suisun

in the Bay and Delta, which would result in more

~ CJtlY~D
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plant production. Increasing the acreage of
floodplain lakes, sloughs, and other backwaters in INTEGRATION WITH OTHER
the Sacramento and San Joaquin Rivers will
further increase organic matter inputs to the Delta. RESTORATION PROGRAMS
Reducing the amount of toxic substances entering
the system will reduce loss of primary and
secondary production. Other means of increasingEfforts to restore the productivity of the Bay-Delta
productivity of the aquatic foodweb include foodweb would involve the cooperation and
opening leveed lands to tidal or seasonalsupport from established programs underway to
floodflows; increasing the array of sloughs in therestore habitat and fish populations in the Bay-
Delta; protecting and restoring shallows, shoals,Delta including the following:
and channel islands in the Delta; and providing for
a more natural floodplain and meander belt along" The Recovery Plan for the Sacramento-San
therivers. Joaquin Delta Native Fishes calls for

improving flows, reducing diversions, and
Restoring tidal action to leveed lands in San Pablo increasing habitat.
Bay, Suisun Marsh, and the Delta enhances
productiv!ty by allowing Bay-Delta waters to ¯ The Salt Marsh Ecosystem Recovery Plan calls
capture their plant production. The Yolo and Sutter for improving a wetland habitat in the Bay.
bypasses offer potential opportunities to produce
more permanent slough, riparian, and wetland̄ The Recovery Plan for Winter Run Chinook
habitats in the Sacramento River floodplain. Salmon (NMFS)includes recommendations
Setback levees or improved riparian and shallow- for habitat and foodweb restoration in the Bay-
water habitat along leveed reaches of the rivers and Delta and Sacramento River.
Delta offer additional opportunities to increase
productivity of the Bay and Delta. These actions" The Recovery Plan for the Salt Marsh Harvest
will promote aquatic and riparian plant production, Mouse and California Clapper Rail includes
which should impro.ve the plant material base of provisions for protection and restoration of
the foodweb. With greater plant material available, wetland habitats in the Bay.
the productivity of consumers like zooplankton
will be greater, which in turn will increase thē The Central Valley Project Improvement ACt
productivity of many important fish and wildlife (PL 102-575) and its associated Anadromous
species in the Bay-Delta. Fish Restoration Plan includes provisions to

reduce losses of organisms into water
There are several ways to ensure that increased diversions, to restore aquatic habitat, to
plant material transported to or produced in the improve water quality, to improve freshwater
Delta is transported to Suisun Bay. Changes in the flows, and to restore wetland and riparian
timing and magnitude of flows through the Delta habitats in the rivers and Bay-Delta.
and exports from south Delta pumping plants may
increase transport of organic materials to the Baȳ The Steelhead Trout, and Anadromous
from the Delta. Spring flow pulses in drier years Fisheries Program Act of 1988 includes
from the rivers will enhance productivity in the elements to improve freshwater flows and
rivers, Bay, and Delta and ensure that a greater riparian habitats in the Sacramento and San
amount of this productivity is transported through Joaquin Rivers and their tributaries.
the Delta to the Bay. More of the organic material̄ The Delta Wildlife Habitat Protection and
transported to or produced within the Delta would Restoration Plan include protection and
be retained in the Delta or transported to the Bay if improvements to riparian and wetland habitats
the south Delta export pumps were relocated to the of the Bay-Delta.
northern Delta.
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¯ Central Valley Hhbitat Joint Venture includesimprovement, and Central Valley streamflow
restoration of riparian and wetlands of theimprovements.
rivers, Delta, and Suisun Marsh.

¯ US Army Corps of Engineers Yolo Basin IMPLEMENTATION OBJECTIVE~
Wetlands Creation and Restoration Project
will increase wetland in the Yolo TARGETS, AND PROGRAMMATICacreage
Bypass.                                              ACTIONS

¯ Califomia Senate Concurrent Resolution 28
has set a goal of doubling wetland acreage byThe implementation objective for Bay-Delta
the year 2000. aquatic foodweb is to maintain, improve, or restore

the amount of basic nutrients available to estuarine
¯ San Francisco Estuary Project planning forand fivefine systems in order to provide a

wetland protection and restoration, and water sustainable level of foodweb productivity.
quality protection and improvement.

The general targets for a healthy Bay-Delta aquatic
¯ San Joaquin River Management Plan is a planfoodweb include:

to restore riparian and wetland habitats and
improve water quality in the San Joaquin̄ Restore chlorophyll "a" abundance in San
River and its tributaries. Pablo and Suisun Bays, and in the Delta to

levels that occurred in the 1960’s and early
¯ SWRCB and RWQCB efforts to restore 1970’s.

wetlands and improve water quality of the
rivers and Bay-Delta. ¯ Restore abundance of important zooplankton

species in San Pablo and Suisun Bays, and in
¯ Suisun Resource Conservation District is the Delta to levels that occurred in the 1960’s

developing wetlandsrestoration and and early 1970’s.
management plans.

General programmatic actions to contribute to¯ The San Francisco Bay Joint Venture is aattaining targets include:
public/private partnership working to protect,
restore, enhance and increase wetlands of all[] Increase the residence time of water in the
types throughout the San Francisco Bay region Delta.
to benefit fish and wildlife using a non-
regulatory approach. [] Restore tidal action to diked wetlands.

m Reduce concentrations and loadings of trace
¯ Riparian Habitat Joint Venture will restore metals, herbicides, and other toxic substances

riparian habitats, in sediments and waters of the Central Valley.

¯ Reduce losses to diversions by modifying the
LINKAGE WITH OTHER structure and operation of Delta conveyance

ECOSYSTEM ELEMENTS and pumping facilities.

¯ Increasing the amount and diversity of organic
matter input from the Bay-Delta watershed by

Improvement of the aquatic foodweb of the Bay- restoring aquatic, riparian, and wetland
Delta is integrally linked with wetland and riparian
habitat restoration, water quality (contaminants)

habitats.
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UPPER WATERSHED PROCESSES - FIRE AND EROSION

Sacramento-San Joaquin Delta and San Francisco
Bay. Management activities have also affected the
available capacity of reservoirs that store water for
water supply and provide flood control to
downstream residents.

RESOURCE DESCRIPTION

Prehistorically, fire was a principal mechanism by
which the nutrients contained in forest material
were recycled. With fire frequency reduced since
the late 1800s, the rate of nutrient release has been
reduced, which has influenced the forest and
watershed health. The Native American practice of

INTRODUCTION setting fires to enhance their environment has
stopped. Fire suppression policies and large-scale
livestock grazing have been introduced (Vankat

Upper watersheds comprise geological areas and1977, Kilgore and Taylor 1979, Swetnam et aL
ecosystem elements of Central Valley rivers above1992). In response, rates of materials
the valley floor. The upper watershed designation̄ decomposition have dramatically declined and
also applies to creek and rivers that feed intofuels have accumulated throughout most upper-
North, Central, and South San Francisco Bay watershed wildlands.
(including San Pablo Bay, Honker Bay, and Suisun
Marsh). Much of the upper watersheds are outsideBecause wildfires are less frequent, they now bum
the primary study area for CALFED. However, with withlargerareas higherintensityand greater
they are included here because their health directlyenvironmental damage than occurred during the
affects the health of the Bay-Delta ecosystem, presettlement period (McKelvey et al. 1996).

Wildfires can have devastating effects on
Major factors that affect upper watershed healthwatershed health that, in turn, affects the quantity,
and function are forest "fuel" levels, firetiming, and quality of inflows to the Delta and San
suppression, wildfire, road building andFrancisco Bay from the upper watersheds.
maintenance, water diversions, livestock grazing,Catastrophic wildfire can produce more intensive
timber harvest, tree diseases, and forestand extensive changes in watershed conditions
management practices, than any other form of disturbance (Kattelmann

1996).
Water supply and water quality in the Central
Valley require healthy watershed processes in theOver the past century, fire suppression and logging
upper portions of the tributary watersheds. Landof large conifers have resulted in forests dominated
and resource management in the upper portions ofby dense stands of tree species that are relatively
tributary watersheds have substantially modifiedsmall, shade tolerant, and fire sensitive, such as
watershed processes. This has affected thewhite firs and incense-cedars (Parsons and
reliability of high-quality water inflows to theDeBendeetti 1979). Consequently, there has been
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a large increase in the volume and continuity ofaccelerate runoff from the watershed. More water ¯
live and dead wood fuels near the forest floor,is discharged over a shorter period of time, peak
These fuels provide a "ladder" that connectsflows are greater (contributing to increased flood
surface fuels with the forest canopy (McKelvey ethazards), and summer and fall streamflows are I
al. 1996). Risks of large, severe fires havelowerthan those in less disturbed watersheds. Bare
increased accordingly. Such changes have beensoils and increased runoff cause greater
greatest in the lower and middle elevations of thedetachment and transport of soil particles. With E
Sierra Nevada, which is also where humanreduced infiltration, mudslides become more
development has been most rapid. With theprevalent. Sediment carried to streams increases
increase in hazardous fuel conditions, humanmarkedly, particularly whereriparian vegetation is I
populations and property potentially endangered byburned (Kattelmann 1996).
fire have also increased. On. a regional scale,
Sierran forest ecosystems are believed to beIn addition to the direct effects of catastrophic ¯
outside the range of variability that was present infires, ground disturbance related to fire suppression
the historical ecosystem regarding fire frequencyand postfire activities (e.g., salvage logging)
and severity, forest structure, and landscape mosaicadversely affects water quality. Although total I
(distribution of vegetation patches) (Skinner andannual water yield from a watershed may increase |Chang 1996). for several years following a fire, the value of the

increased yield is limited because it occurs during
dense conifer stands are widespread in peak flows, does not contribute to maintaining ~Excessively

the Sierra Nevada. These Stands have densesummer base flows, carries sterile material, and
understories that provide the horizontal andincreases turbidity anderosion.
vertical continuity of fuels that fires need to move E
from the ground surface to the forest canopy.
Excessive competition for water and sunlight in EROSION
dense stands often weakens or kills trees, resulting I
in increased fuel loads, potential fire severity, andExcessive erosion accelerates the filling " of
the rate of spread (Weatherspoon 1996). Presentdownstream water storage reservoirs and reduces
fuel conditions in much of the Sierra Nevadaavailable storage water supply. Roads are probably ~
increase the potential for large, severe fires (Sapsisthe most significant cause of accelerated erosior~ in
et al. 1996). western montane forests (Kattelmann 1996). Roads

reduce rainfall infiltration, oversteepen adjacent ¯
Timber harvesting substantially increases firecut-and-fill slopes, and, by intercepting subsurface
hazards unless postharvest slash treatments (e.g,flows, divert runoff across compact surfaces.
piling and burning) are implemented (StephensStream crossings are particularly important sources It
1995, Weatherspoon 1996, Van Wagtendonk of sediment because of their direct disturbance to |
1996, Elliott-Fisk et al. 1996). Forest-practice the channel. The failure of an individual culvert,
regulations, which apply on all private timberlandfor example, can cause gullies and landslides, ill
in California, require only minimal slashresulting in hundreds of tons of sediment entering |treatments (e.g., lopping branches and tops) andstreams and storage reservoirs (Weaver and
only in a highly limited area (within 50-100 feet ofHagans 1994). Landslides and surface erosion can
publicly accessible roads and 100-200 feet ofoften be traced to haphazard road design, location, ~
structures maintained for human habitation) (14and construction. Carefully planned road systems
CCR 917.2). . disturb less ground and produce less sediment than

poorly planned systems.                                ~
Catastrophic fire is detrimental to watershed
function and water quality. By killing vegetation;Road instability is often increased by inadequate
burning the organic matter in litter and soil, andmaintenance. Funding for maintenance of forest ~
forming impervious soil layers, severe firesroads in the State .is inadequate and continues to
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decline. In addition to removing unneeded roads orThe hydrologic effects of grazing are primarily
closing them seasonally, reshaping roadcuts,related to livestock behavior and management.
pulling back side-castmaterial, "ripping" Loss of streamside vegetation from grazing
compacted surfaces, removing stream promotes compaction erosion. Tramplingand soil and
crossings can be effective means of rehabilitatingof streambanks causes erosion and sedimentation
watersheds (Kattelmann 1996). in many montane meadow streams. Removal of

riparian vegetation by livestock in headwater
Although soil disturbance associated with fellingvalleys of the North Fork Feather River, for
trees and skidding logs expose forest soils toexample, has led to rapid channel widening and
rainfall, which causes some soil compaction,massive sediment loads (Kattelmann 1996).
timber harvesting has less of an effect on soilImpacts of grazing on watersheds can be
erosion than road construction (Kattelmann 1996).substantially reduced by removing livestock before
Clearcut areas are susceptible to erosion untildamage becomes too great.
vegetative ground cover becomes reestablished.
After harvest, the ability of the remaining tree roots
to inhibit erosion gradually declines until new trees VISION
become well established. Using tractor skidders on
highly erodible or unstable areas can lead to
acceler~ited erosion or landslides. Timber
harvesting and using heavy equipment adjacent to

The vision for upper watershed health and function
is. to reduce the level of stressors including

streams increases streamside erosion. Bestwildfire, erosion, and managing timber harvest,management practices implemented by the U.S.
Forest Service (USFS) on national forest lands and

livestock grazing, and land use management
practices that effect watershed health and the

required on private forest lands by the California
Forest Practice Rules limit the extent of clearcuts

ability to contribute to the health of the Bay-Delta
ecosystem.

and the use of heavy equipment on erodible or
unstable lands.                                     .Current land uses in the upper watersheds make it

infeasible to return to the prehistoric fire regime,Timber harvesting affects peak flows by reducingwhere fires occurred every 8-26 years depending
transpiration (i.e., the amount of water used within "

on vegetation type and climate (McKelvey et al.
a specific period by plants to build tissue) and1996). Not only are structures, infrastructure, and

managed forests at too great a risk of fire damageacceleratingsnowmeltbyexposingsnow-covered
areas to the sun. Excessive vegetation removal can

to permit burning at the pre-European average rate
increase flooding, particularly during small andof at least 1 million acres annually, but regulatory
moderate storms and in small basins (Kattelmannconstraints and the social costs of fire and its1996); however, increased thinning and selectiveeffects (e.g., low air quality) prohibit burning at
harvesting has the potential to increase total waterpre-European scales. Although fire will remain an
yield by reducing transpiration, essential element of these wildland ecosystems, it

must be controlled and used in conjunction with
Like road construction and timber harvest, pastother techniques to reduce fuel loads to levels
grazing practices have left a legacy of watershedconsistent with maintaining watershed and forest
degradation in California. Livestock grazing hashealth.
probably affected more land in the Sierra Nevada
than any other management activity (Menke et al.Prescribed fire is an effective tool for managing
1996). Although livestock density on forest landsforest fuels (McKelvey et al. 1996). It includes
has generally declined since the late 1800s, grazingprescribed ignited fires (fires intentionally set to
continues to affect watershed health and function. .bum a planned area at a planned intensity) and

prescribed natural fires. Prescribed natural fires
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are those resulting frbm unplanned ignitionsEffective implementation of best management ¯
(caused by lightning or humans), but for whichpractices for silviculture (growing forests) are
plans have been adopted that specify conditionslikely to minimize the adverse effects of timber
and areas under which such fires will be allowed toharvesting on watershed health and function. For ¯
bum. Prescribed natural-fire planning represents anexample, compliance with streamside zone
important opportunity for wildfires to help meet protection me~ures, restrictions on use of tractors
management objectives, rather than be in conflicton highly erodible and unstable areas, and limits
with them. Mechanical fuel-managementon the size and density of clearcuts will minimize
techniques (e.g., thinning) can also reduce fireaccelerated sedimentation associated with logging.
hazard (Elliott-Fisk et al. 1996). Expanded thinning of dense forest stands could

increase water yields..
From a practical perspective, perhaps the most
important requirement for successful fuelIncreased management of livestock herds to avoid ¯
management programs is a viable market for smalldepleting residual vegetation, removing riparian
trees and other biomass materials removed fromvegetation, and trampling streambanks will reduce
wildlands. Products made from these materialsthe effect of grazing on stream sedimentation.
include pulp chips, panel products (e.g., particle
board), biomass energy fuel (e.g., for production of
electricity), ethanol, and lumber. ~A major INTEGRATION WITHOTttER
limitation on the marketability of biomass
materials is their high handling costs. Recent RESTORATION PROGRAMS
innovations in logging equipment could
substantiallyincrease the feasibility of marketing
such materials, which, in turn, would enable more FUEL q~.ANAGEMENT

extensive fuel treatments.
Recognition of the critical need to increase

Unless resource commitments are made towildland fuel management has increased
implement fuel management on an unprecedentedsubstantially in recent years. Several land
scale, catastrophic wildfires will have increasinglymanagement and wildfire suppression agencies
detrimental environmental and socioeconomichave implemented or expanded programs to
consequences, among the most important of whichincrease the application of fuel treatments. ERPP’ s
are impaired watershed functionsand goals will be advanced by coordinating with and ¯
nonsustainable yields of high-quality water. ¯ supporting the following programs.

Except for spur roads that are needed to access= California Department of Forestry and Fire
local areas, the forest road systems that provide Protection’s Vegetation Management Program.
access to the montane regions of California are The Vegetation Management Program (VMP)
largely complete. Although thousands of miles of was initiated in 1981 to reduce wildfire
existing roads are obsolete or in disrepair, they damage and enhance resource values by |
continue to supply large volumes of sediment to reducing wildland fuel hazards. For several
streams (Kattelmann 1996). Substituting modem years, VMP focused primarily on prescribed
cable yarding systems for tractor log skidding burning of private rangelands. Following a |could provide opportunities to replace many series of catastrophic wildfires in southern
streamside roads with midslope or ridgetop roads California in fall of 1993, the California
to reduce sedimentation. Road realignment and Department of Forestry and Fire Protection
installation of adequate drainage in poorly (CDF) convened the VMP Working Group to
designed and drained segments could reduce review the program’s purpose and
erosion and sedimentation throughout the upper performance. As a result of that review, ¯
watersheds. VMP’s focus has expanded to encompass all
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major ecosystems in the State and a wide Program. This is a $15 million grant program
range of fuel management techniques. Its to enable rehabilitation projects in watersheds
focus has shifted to re.ducing hazards at tributary to the Sacramento-San Joaqu!n Delta
the urban interface, where most assets are or the Trinity River. Eligible projects will
at risk. In addition, the acreage targeted reduce contamination of drinking water,
for annual treatment is substantially increase water yield or watershed retention

than the that has enhance fish controlgreater averageacreage capability, habitat,
been treated in the past. CDF is preparing sedimentation, or improve overall forest
a program environmental impact report to health.
facilitate environmental compliance for a
wide variety of.fuel treatment projects. [] U.S. Department of Agriculture Forest

Service’s Forest Health Initiative. A 1995
California Department of Forestry and Fire report recommended., that the U.S. Forest
Protection’s Prefire Management Initiative. As Service shift from its traditional focus on fire
part of the California Fire Plan, CDF is suppression and control to comprehensive fire
implementing a prefire management initiative management, taking into consideration the
to conduct prefire planning at the ranger-unit essential role of fire in forest ecosystems (U.S.
(i.e., county or multicounty) level throughout Department of Agriculture 1995). The agency
the portions of the State for which CDF has subsequently announced a commitment to
fire suppression responsibility (California improve forest health throughout the national
Board of Forestry 1996). Three ranger units forests in the western United States, including
(Nevada-Yuba-Placer, Tuolumne-Calaveras, expanded application of fuel management in
and Riverside) initiated this planning process densely stocked stands with excessive fuel
in 1996; the 19 remaining ranger units and six loads (U.S. Department of the Interior and
contract counties are expected to initiate it in U.S. Department of Agriculture 1995).
1997. The processis scheduled to be Underlying this initiative is the goal of
completed in 1999. maximizing the amount of national forest land

periodically receiving fuel management
The prefire planning will be based on treatment.process
developing geographic information system
(GIS) maps depicting assets at risk, levels of[] The Quincy Library Group’s Community
fire suppression service, and fire weather Stability Proposal. The Quincy Library Group
severity. Community-level public meetings (QLG) is a coalition, of diverse stakeholders
will be held to review the maps for accuracy from Lassen, Plumas, and Sierra Counties who
and to solicit input regarding acceptable levels have organized to obtain consensus on forest
of service by area. Ranger unit staff will management policies to promote forest health,
validate high-risk locations, which will ecological integrity, adequate timber supply,
provide the focus for developing prefire and local economic stability. Because most of
management prescriptions, and prioritize the land in these counties is in national forests,
projects based on cost-effectiveness. QLG is focused primarily on strategies for
Additional stakeholder meetings will then be managing federal forest land. Portions of the
held to review project priorities, budgets of the Lassen, Plumas, and Tahoe

National Forests have been allocated for
California State Water Resources Control projects developed by QLG. QLG is the most
Board’s Delta Tributary Watershed Program. highly developed example of local consensus-
As part of the California Safe, Clean, Reliable building to influence national forest
Water Supply Act (Proposition 204), the State management policies and programs including
Water Resources Control Board (SWRCB)is those for watershed restoration and fuel hazard
administering the Delta Tributary Watershed reduction.
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¯
dams block migration into upper watersheds ¯
healthy upper watersheds help sustain water and

ROAD-RELATED WATERSHED HAZARDS sediment supply and water quality, which are
essential to anadromous fish in lower watersheds ¯

¯ Watershed Assessments for Programmaticand floodplains below blocking dams.
Environmental Compliance Documents. Many
private timberland owners are conducting ¯
watershed assessments as part of theirIMPLEMENTATION OBJECTIVE~
preparation of environmental compliance
documents to meet federal or State regulatoryTARGETS~ AND PROGRAMMATIC
requirements. The federal Endangered Species ACTIONS
Act, for example, enables landowners to obtain
permits authorizing take of listed species
incidental to otherwise lhwful activitiesThe implementation objective for upper watershed
pursuant to preparation and approval of ahealth and function is to restore ecological
habitat conservation plan (HCP). HCPs processes in the upper watersheds in order to
addressing listed or candidate fish speciesmaintain and improve the quality and quantity of

¯ typically include a watershed assessment towater flowing into the tributaries and rivers of the
address cumulative watershed effects,Sacramento-San Joaquin Delta and San Francisco ¯
including road-related erosion andBay.
sedimentation hazards. Similarly, several
private landowners are preparing eitherThe following targets provide the general
sustained yield plans (SYPs) or program
timberland environmental impact reportsapproach to restoring ecological health to

(PTEIRs) to meet the requirements of theupper watershed areas.

California Forest Practice Act regarding the ¯
maximum sustainedproductionofhigh-qualitȳ Achieve fire fuel levels comparable to
forest products and minimization of significant prehistoric conditions in sufficient areas so
environmental impacts. These State-level that, when large, intensive fires do occur they
programmatic environmental compliance can, with a high degree of assurance, be
documents also require watershed assessments contained within a single fourth-order
addressing cumulative watershed effects, watershed (an area of 3,000-10,000 a.cres).
Watershed assessments being prepared for
HCPs, SYPs, and PTEIRs provide important ¯ Use vegetation and timber management as a
opportunities to identify and remediate road- tool to manage natural fuel loading and fuel ¯
related watershed hazards, reduction.

¯ Improve drainage on all major public and

LINKAGE WITH OTHER
private timberland in the upper watersheds.

ECOSYSTEM ELEMENTS ¯ Replace poorly designed segments of existing
forest road systems with well designed and ¯
adequately drained roads.

Upper watershed processes (fire and erosion) are
linked to Bay-Delta ecological health by affectinḡ Restore deteriorated watersheds, wetlands, and
water supply, water quality, sediment supply, meadows to improve hydrologic functions of
habitats, and Bay-Delta species. Healthy upper the upper watersheds.
watersheds provide essential habitat conditions for
anadromous fish not constrained by dams. Where

Volume 1: Ecosystem Restoration Program Plan

~, ~I~RAI~
Vision for Upper Watershed Processes

70
Draft: March 1998

!
o

C--006333
(3-006333



General programmatic actions to help in achieving
the targets include: ¯ Refine analytical tools (e.g., landscape-level

models of fire behavior) to facilitate
m Install a system of fuel profile zones (broad identification of effective fuel management

areas treated to reduce fuel loads and ladders, regimes and cost-effective strategies to
thus reducing fire severity and spotting implement them.
potential) around forest communities to protect
human life and property. ¯ Identify and prioritize watershed hazards that

could be reduced through improved drainage.
¯ that identifies treatments m Conduct road inventoriesDevelopa strategy comprehensive on

that not only reduce hazards of treated areas, all major timberlands to identify hazardous
but also increase the defenses of adjacent areas conditions, assess the feasibility and cost-
against catastrophic fire. The str.ategy should effectiveness of projects tO reduce the hazards,
also identify areas where such treatments and prioritize feasible projects for
should be applied first. For example, an implementation.
extensive system of fuel breaks along
ridgetops and roads could enhance the abilitȳ Decommission or obliterate obsolete roads.
of fire suppression forces to protect
surrounding areas. ¯ Replace streamside roads designed to facilitate

tractor skidding with midslope or fidgetop
¯ Prepare fuel management plans at the county roads to be used in conjunction with cable

or subcounty level that identify treatments, yarding systems.
priorities, and schedules, and means to ensure
the availability of adequate resources tō Reconstruct poorly designed road segments
implement the treatments. - and install adequate drainage structures in

poorly drained road segments.
¯ Implement fuel management treatments on a

scale and schedule consistent with standards
specified county-level managementin
plans. REFERENCES
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Resource Conservation District, Ukiah, CA, in
cooperation with the Califomia Department of
Forestry and Fire Protection and the U.S. Soil
Conservation Service.
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HABITAT VISIONS

INTRODUCTION elements and the related ERPP Implementation
Objective. Implementation objectives are fixed
and will not change through time. Table 6 presents
the basis for their consideration.This section presents visions

for habitat ecosystem Visions describe the role and importance of each
elements. Habitats are areas
occupied by plants, fish, and habitat type to dependent plants, fish, wildlife, and

wildlife that provide specific other organisms, a description of the curr~nt

conditions essential to the condition of habitats, stressors and changes to

needs of plant and animal ecological processes that have altered habitat

communities. Habitats will
condition, and approaches for restoring habitats

benefit markedly from and their functions to improve the health of the

restoration activitiesrelatedto Bay-Delta and its biological resources. The
Ecosystem Restoration Program Plan (ERPP)ecological processes and stressors. In some cases,
implementation objectives, targets, and actions fordirect action may be necessary to restore important

habitats. Habitat types that are included are those
each habitat type are described in "Ecosystem
Restoration Program Plan, Volume II: Ecological

that have a strong effect on an ecological process
or a species that is dependent on the Bay-Delta andZone Visions". Table 7 presents the ecological

and managed to improve the health zone in which implementation objectives, targets,
canberestored
of the Bay-Delta ecosystem and its resources,and programmatic actions have been proposed to

Table 5 identifies important habitat ecosystemaccomplish each habitat vision.

TABLE- 5. HABITAT ECOSYSTEM ELEMENTS AND ERPP IMPLEMENTATION OBJECTIVES

Ecosystem Habitat Element Implementation Objective

Tidal Perennial Aquatic increase the area of shallow-water and intertidal mudflat habitat to
Habitat improve conditions that support increased primary and secondary

productivity; provide rearing and foraging habitat, and escape cover for
fish; and provide foraging and resting habitat, and escape cover for water
birds.

Nontidal Perennial Aquatic increase its amount in the Delta to provide improved foraging and resting
Habitat habitat for water birds, particularly diving ducks, and help to restore and

maintain the ecological health of the terrestrial and aquatic resources in
and dependent on the Delta.~

Delta Sloughs protect and improve existing tidal slough habitat and restore a portion of
the historical Delta slough distribution. Sloughs will be restored within
tidally influenced freshwater emergent Wetlands, mudflats, and seasonal
floodplains.
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Midchannel Islands and Shoals protect and enhance existing remnant channel islands in the Delta.
Prioritize island restoration starting with those that have greatest chance
to be maintained by restored streamflow patterns, hydraulic conditions,
sediment transport, and other restored ecosystem processes.

Saline Emergent Wetland increase the area of saline emergent wetlands. The increased wetlands
area would provide high-quality habitat for waterfowl, shorebirds, and
other associated wildlife; provide rearing habitat, foraging habitat, and
escape cover for fish; and expand the populations and range of
associated special-status and State- and federally listed plant and animal
species.

Fresh Emergent Wetland protect and enhance existing wetlands by restoring tidally influenced

~ ~’reshwater emergent wetland in the Delta. This protected wetland would
provide high-quality habitat for waterfowl, shorebirds, and other
associated wildlife and rearing, foraging, and escape cover for fish.
Populations and ranges of special-status and State- and federally listed
plant and animal species would be increased.

Seasonal Wetlands restore and manage this habitat type in the Delta to iaelp restore and
maintain the ecological health of the aquatic resources in and dependent
on the Delta: restore foodweb and floodplain processes; reduce the
effects of and water.management on the Delta’s aquaticcontaminants
resources; and provide high-quality foraging and resting habitat for
wintering waterfowl, greater sandhill cranes, and migratory and
wintering shorebirds.

Riparian and Riverine Aquatic restore riparian scrub, woodland, and forest habitat along largely
Habitats                     nonvegetated, fiprapped banks of Delta island levees, the Sacramento

and San Joaquin Rivers, and their major tributaries. Restored riparian
habitat would provide shaded riverine aquatic cover for .fish species,
associated special-status plant and animal species, and other wildlife.

Inland Dune Scrub Habitat improve low- to moderate-quality-Delta inland dune habitat to support
special-status plant and animal species and other associated wildlife
populations.

Perennial Grassland preserve and restore perennial grassland habitat in conjunction with
restoration of wetland and riparian habitats in order to provide high-
quality habitat conditions for associated special-status plant and wildlife
populations.

Agricultural Lands agricultural upland and wetland habitat to provide wildlifeco-manage
forage and resting area habitat for wintering and migrating waterfowl,
shorebirds, and other associated wildlife in the Delta.
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TABLE 6. BASIS FOR SELECTION OF HABITAT ECOSYSTEM ELEMENTS
!

Ecosystem Habitat
Element Basis for Selection as an Ecosystem Element

Tidal Perennial Tidal perennial aquatic habitats, particularly, areas less than 9 feet deep at mean
Aquatic Habitat high tide, are important habitat use areas for many species of fish and wildlife in

the Delta. The substantial loss of historic shallow-water areas, primarily as a
result of reclamation of tidally influenced habitat and channel dredging, has
reduced the available habitat area for associated fish and wildlife. Loss of
shallow-water areas has also caused a reduction in primary and secondary
productivity which contributed to changing the historic foodweb of the Delta.

Nontidal Perennial Nontidal perennial aquatic habitats, particularly areas less than 6 feet deep, are
Aquatic Habitat important habitat-use areas for many species of fish and wildlife in the ERPP

focus area. The substantial loss or degradation of nontidal perennial aquatic.
habitats, primarily as a result of reclamation of wetlands and alteration of
streamflows, has reduced the available habita( area for associated fish and
wildlife.

Delta Sloughs Dead-end sloughs provide warmer, highly productive habitat for seasonal
(Dead-end) spawning, rearing, and foraging of important aquatic organisms, as well as

important carbon production for other Bay-Delta habitats. Several smaller
branches of tidal slough networks have been severed from the main slough
channel by levees. For waterfowl and wildlife, dead-end sloughs have associated
marsh and riparian corridors important for breeding, feeding, resting, and
roosting.

Delta Sloughs Open-ended sloughs provide unique, generally low-velocity habitats and
(Open-ended) important migratory pathways for many species and important habitat for wildlife

and waterfowl along the riparian corridors of the sloughs. Levee construction
and channel dredging over many years has converted the gradual sideslopes
supporting marsh and tideflat habitat along sloughs to steep-sided, high-velocity
channels with narrow or nonexistent shoreline habitat.

Midchannel islands and shoals provide unique remnant shallow-water edge
Midchannel Islands habitat in many Delta channels. They typically support willow scrub, tule marsh,

and Shoals       and tidal mudflat habitats and associated wildlife and fish. Midchannel islands
and shoals have been shrinking or disappearing as a result of progressive erosion.
Loss of this habitat has reduced nutrient cycling, and foodweb support functions
in the ERPP focus area.
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Table 6. Continued

Ecosystem Habitat
Element Basis for Selection as an Ecosystem Element

Saline Emergent Saline emergent wetland habitats, including brackish and saline wetlands, are
Wetland important habitat-use areas for fish and wildlife dependent on marshes and tidal

shallows in the Bay-Delta and support several special-status plant species. The
loss or degradation of historic saline emergent wetlands, primarily as a result of
reclamation of .tidally influenced wetlands for agriculture, has substantially
reduced the habitat area available for associated fish and wildlife species.
Several plant and animal species.closely associated with tidal saline emergent
wetlands have listed as endangered under the State and federal Endangeredbeen
Species Acts, primarily as a result of the extensive loss of this habitat type. Loss
of this habitat has reduced nutrient cycling, and foodweb support functions in the
ERPP focus area.

Fresh Emergent Tidal and nontidal fresh emergent wetland habitats are important habitat-use
Wetland areas for fish and wildlife dependent on marshes and tidal shallows in the ERPP

focus area and support several special-status plant species. The loss or
degradation of historic fresh emergent wetlands has substantially reduced the
habitat area available for associated fish and wildlife species.

Seasonal Wetlands Seasonal wetland and aquatic habitats are important habitat-use areas for many
species of fish and wildlife in the ERPP focus area. Loss or degradation of
historic seasonal wetlands, primarily as a result of urban development and
reclamation of wetlands for agriculture, has substantially reduced the habitat area
available for waterfowl, shorebirds, and other water birds. Loss of vernal pool
habitat, in particular, has directly resulted in the listing of several vernal pool-
dependent species as threatened or endangered under the federal Endangered
Species Act. The loss of seasonal aquatic floodplain habitat, primarily as a result
of levee construction and alteration of riverflows, has substantially reduced
floodplain refuge habitat for fish and spawning habitat for the Sacramento
splittail. Loss of this habitat has reduced water storage, nutrient cycling, and
foodweb support functions in the ERPP focus area.

Riparian and RiverineShaded riverine aquatic habitat (SRA) is a major component of the ERPP riparian
Aquatic Habitats and fivefine aquatic habitat ecosystem element. SRA habitats are important
(Shaded riverine habitat areas for one or more life stages of most fishes that inhabit the ERPP

aquatic) focus area. The loss or degradation of historic riparian vegetation from river and
stream channelbanks and alteration of nearshore aquatic habitat have primarily
been caused by channelization, stabilization of channelbanks with riprap, and
construction of levees. Control of flows and diversion of water have altered the
hydrologic conditions that historically supported riparian vegetation. The loss of
SRA has directly contributed to declines in populations of associated native
fishes and reduced an important source of nutrients and allochthonous material
in streams and Delta sloughs.
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Table 6. Continued

Ecosystem Habitat
Element Basis for Selection as, an Ecosystem Element

Riparian and RiverineRiparian scrub, woodland, and f6rest habitat is the other major component of the
Aquatic Habitats riparian and riverine aquatic habitat ecosystem element. Many species of
(Riparian scrub, wildlife, including several species listed as threatened or endangered under the

woodland, and forestState and federal Endangered Species Acts .and several special-status plant
habitat) species in the ERPP focus area are dependent on or closely associated with

riparian habitats. Compared with all other habitat types in California, riparian
habitats support the greatest diversity of wildlife species. Degradation and loss
of riparian habitat have substantially reduced the habitat area available for
associated wildlife species. Loss of this habitat has reduced nutrient cycling, and
foodweb support functions in the ERPP focus area. Valley oak woodland
habitats are important habitat-use areas for many species of wildlife in the ERPP
focus area. The loss or degradation of historic stands of valley oak woodland has
substantially reduced the valley oak woodland habitat area available for
associated wildlife.

Inland Dune Scrub Coastal scrub is associated with inland sand dunes and is limited in the ERPP
¯ Habitat focus area to the vicinity of the Antioch Dunes National Wildlife Refuge. This

habitat area supports two plant and one butterfly species listed as endangered
under the federal Endangered Species Act.

Perennial GrasslandGrasslands are important breeding and foraging habitat areas for many species
of wildlife and support several special-status plant species. Historically common
throughoutmost of the Central Valley, most perennial grassland in the ERPP
focus area has been lost or has been converted to annual grassland:

Agricultural Lands. Following extensive loss of native wetland habitats in the ERPP focus area, some
(Agricultural wetland-associated wildlife species have adapted to the artificial wetland

wetlands) environment created by some agricultural practices and have become dependent
on agricultural wetland areas to sustain their populations at current levels.
Agricultural wetlands include rice lands; fields flooded for weed, salinity, and
pest control; stubble management; and tailwater circulation ponds.

Agricultural Lands    Following extensive loss of some native upland habitats, upland-associated
(Agricultural uplands) wildlife species have adapted to the artificial upland environment created by

some agricultural land uses and have become dependent on agricultural upland
areas and fence line vegetation to sustain their populations at current levels.
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TABLE 7. ECOLOGICAL ZONES IN WHICH I-].ABI’]I’AT IMPLEMENTATION OBJECTIVES, TARGETS, AND
PROGRAMMATIC ACTIONS ARE PROPOSED

[Note: Refer to Volume II: Ecological Zone Visions for information regarding specific targets and actions.]

Habitat Vision Ecological Zone1

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Tidal Perennial
Aquatic Habitat

¯ ¯

Nontidal
Perennial Aquatic ¯ ¯
Habitat

Delta Sloughs ¯ ¯

Midchannel
Islands and ¯
Shoals

Saline Emergent
Wetland , ¯

Fresh Emergent
Wetland

¯

Seasonal ¯ ¯ ~o ¯ ¯ ¯ ¯ ¯ ¯
Wetlands

Riparian and
Riverine Aquatic ¯ ¯ ¯ ¯ ¯ 0 ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
Habitats

Inland Dune
Scrub Habitat

Perennial
Grassland

.Agricultural ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
Lands

Ecological Zones
~ 1 = Sacramento-San Joaquin Delta 13 = East San Joaquin Basin
2 = Suisun Marsh/North San Francisco Bay 14 = West San Joaquin Basin
3 = Sacramento River
4 = North Sacramento Valley
5 = Cottonwood Creek
6 = Co!usa Basin
7 = Butte Basin
8 = Feather River/Sutter Basin
9 = American River Basin
10 = Yolo Basin

= Eastside Delta Tributaries1 1
12 = San Joaquin River
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TIDAL PERENNIAL AQUATIC HABITAT

with open-water habitats. Such habitat is used as
foraging and resting habitat and escape cover for
shorebirds, wading birds, and waterfowl.
Resident and migratory fish use tidal perennial
aquatic habitats for spawning, rearing, foraging,

INTRODUCTION and escape cover. Young salmon forage in these
productive waters and put on critical weight
before entering the ocean. Striped bass, delta

Tidal perennial aquatic habitat consists of the
smelt, splittail, and many native resident Bay-

estuary’s edge waters, mudflats and other
Delta fish use this habitat, especially as rearing
areas.transitional areas between open-water habitats

and wetlands. These shallow waters ale
Tidal perennial aquatic habitat plays a primaryassociated with natural wetland and riparianrole in the formation and maintenance of tidalhabitats that are so important to fish and wildlife

of the Bay-Delta. The substantial loss of historic
wetlands. As tidal aquatic habitats accumulate

shallow tidal waters, primarily as a result of
sediment vegetation can increase. Overtime this
vegetation will become wetland and riparianreclamation and channel dredging and scouring,

has led to the decline of many native fish,habitat.    As. these tidal aquatic habitats

wildlife, and plant species in the Bay-Delta. Lossaccumulate sediment and vegetation, they

of such habitat has also reduced primary (plant)maintain their structure and function, even with

and secondary (invertebrate) productivity in the
gradual rises in sea level.

Bay-Delta estuary, and has changed importantstressors that adversely affect the health of tidal
characteristics of the natural foodweb of theperennial aquatic habitats include urban and
system. industrial development, dredging, levees and

associated land conversion, wastewater
discharges, and land, urban and agricultural

RESOURCE DESCRIPTION runoff.

Tidal perennial aquatic habitat is important for VISION
many fish, wildlife, and plants. It also supports
many biological functions important to the Bay-
Delta system. Many animaI and plant species,
identified as threatened or endangered under theThe vision for tidal perennial aquatic habitats is

California and federal Endangered Species Actsto restore large areas of connecting waters

(ESAs), rely on tidal perennial aquatic habitat
associated with tidal emergent wetlands and their
supporting ecosystem processes. Achieving thisduring some portion of their life cycle,
vision will assist in the recovery of special-status

Bay-Delta estuary tidal wetlands and associatedfish populations and provide high-quality aquatic

perennial aquatic habitat are among the mosthabitat for other fish and wildlife dependent on

valuable natural resources in the United States.the Bay-Delta. Restoring tidal perennial aquatic
habitat would also result in higher water quality

Restoring tidal perennia! aquatic habitats is anand increase the amount of shallow-water and
important ingredient for successfully restoring themudflat habitats; foraging and resting habitats
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and escape cover for "water birds; and rearing and INTEGRATION WITH OTHER
foraging habitats, and escape cover for fish.

RESTORATION PROGRAMS
Reducing fragmentation of existing tidal
perennial aquatic habitat should be a focus of.
restoration efforts. Many areas of open water inMany programs and projects aim to protect,
the Bay-Delta are isolated by levees or deeperrestore, and enhance the San Francisco-San
open-water habitat. Many open-water areas haveJoaquin Bay-Delta estuary. These include:
been converted to managed marshes, saltponds,
or agricultural use. Restoring historic habitats̄ the Bay Area Aquatic Habitats Planning
would involve reclaiming former tidal habitat by Group;
levee removal.

¯ Cache Creek Corridor Restoration Plan;
Initial efforts should focus on protecting existing
tidal perennial aquatic habitats. These existinḡ California Wetland Riparian Geographic
habitats offer functions and values that may not Information System Project;
be possible to recreate. Former habitats should
be linked with existing healthy habitats tō Central Valley Habitat JointVenture;
enhance natural habitat restoration. Restored
habitats should have natural gradients of open̄ Governor’s California Wetland Conservation
water, shallow water, wetland, riparian, and Policy;
upland habitats to increase the habitat value for a
greater diversity of species. ¯ Inland Wetlands Conservation Program;

Many leveed lands in the Bay and Delta havē Montezuma Wetlands Project;
subsided and are too low to support shallow tidal
perennial aquatic habitat, and thus cannot bē National Estuarine Reserve Research System;
readily restored. The greatest subsidence has
occurred in the Central and West Delta¯ North American Waterfowl Management
Ecological Unit. A comprehensive long-term Plan;
program is needed to reverse subsidence.
Changes in land use management, and use of¯ North Bay Initiative;
suitable dredged materials or other "natural
materials" should be implemented to restore land̄  . North Bay Wetlands Protection Program,
elevationsto suitable ranges.

¯ San Francisco Bay Regional Water Quality
Restoration efforts should focus on those leveed Control Board, and San Francisco Bay
lands that have not yet been subjected to severe Conservation and Development Commission
subsidence. Prime candidates are existing - Regional Wetlands Management Plan;
managed marshes and salt ponds adjacent to San
Pablo and Suisun Bays. Leveed agricultural̄ San Francisco Estuary Project;
lands and some industrial lands adjacent to
Suisun Bay can be readily restored to tidal̄ Suisun Ecological Workgroupof the~
aquatic habitat. Some of the habitat would be Interagency Ecological Program;
mudflats, while deeper waters would be shallow
productive bays not unlike the very productive¯ Tidal Wetlands Species Recovery Plan;
Honker and Grizzly Bays of Suisun Bay, and
much of northern San Pablo Bay. ¯ Wetlands Reserve Program;

~ ~
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¯ and Yolo Basin Wetlands Project..               Species which depend on tidal perennial aquatic[]
habitat include a large assemblage of marine,

The Ecosystem Restoration Program Planestuarine, anadromous, and resident fish,
restoration targets and objectives reflect the goalswildlife, and plant species and communities.
of many of these programs. For example, the
San Francisco Bay Area Wetlands EcosystemStressors which adversely effect tidal perennial []
Goals Project currently underway is aaquatic habitat include levee construction, |
comprehensive science-based approach tocontaminants, and dredging and sediment
determining where, how much, and what kinds ofdisposal, i
wetlands should be restored in the Suisun Bay
and San Francisco Bay areas. Contributing to
each of these program would help to restore
critical ecological processes, functions, andIMPLEMENTATION OBJECTIVE~
habitats and reduce or eliminate stressors. TARGETS AND PROGRAMMATIC

ACTIONS
LINKAGE WITH OTHER
ECOSYSTEM ELEMENTS The implementation objective for tidal perennial

aquatic habitat is to increase the area of
shallow-water and intertidal mudflat habitat to

Tidal perennial aquatic habitat is linked to theimprove conditions that support increased
following ecosystem elements: (1) ecologicalprimary and secondary productivity; provide 1
processes, (2) habitats, (3) species, and (4)rearing and foraging habitat, and escape cover
stressors, for fish; and provide foraging and resting

habitat, and escape cover for water birds.
Related ecological processes include Delta inflow
(Central Valley streamflows) which influencesThe general target for restoration of tidal 1
the location of the entrapment zone; naturalperennial aquatic habitat is to restore 7,000
sediment supply which influences theacres in the Sacramento-San Joaquin Delta
maintenance of mudflats, shallow shoals, bottomEcological Zone and 2,500 acres in the Suisun ’ 1
composition throughout the Delta and Bay; Bay-Marsh/North San Francisco Bay Ecological 1
Delta hydraulics which influences flow patternsZone.
in channels and sloughs; and Bay-Delta aquatic
foodweb which depends on nutrient input,The following actions will help achieve this |
shallow water interactions, and access to tidalvision:
perennial habitat.

¯ restoring land elevations will allow more
Habitats which are closely linked to tidal leveed lands to be returned to tidal shallow
perennial aquatic habitat include tidal sloughs and water habitat,
channels, saline emergent wetlands, midchannel 1islands and shoals, and perennial grasslands.I setting backs levees would add aquatic
Tidal perennial aquatic habitat also provide an habitat along potential margins of the Bay
important ecological connection between open- and Delta, and
water areas and shallow-water,emergent
wetlands, and riparian habitats. ¯ opening or breaching levees would also

unnaturally isolated lands to tidalopen
flows.
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NONTIDAL PERENNIAL AQUATIC HABITAT

Shifts in river alignments occasionally isolated
oxbow lakes,and drainage divide ponds in Bay
area tidal wetlands were subjected to limited tidal
action. Most of the remaining nontidal perennial
aquatic habitat areas were established by
constructing dikes and levees.

Isolating these areas allowed their conversion for
other uses, primarily agricultural. Perennial
aquatic habitats on converted lands are primarily
located in large agricultural drains, small farm

INTRODUCTION ponds, industrial ponds, ponds managed for
waterfowl and other wildlife, and Delta island
blowout ponds (created by levee failures that scour

Nontidal perennial aquatic habitat in the Bay-Delta
island interiors deeply enough to maintain

estuary is present in certain low-elevation areas,permanent water through seepage).

Such areas have permanent open water which is no
longer subject to tidal influence. The size, quantity,Existing nontidal open-water areas generally have

and quality of existing nontidal perennial habitatpoor wildlife value. Nontidal perennial aquatic
habitats have insufficient shoreline cover fordo not equal the wildlife habitat values of sloughs

and backwaters in the estuary before reclamation,nesting and protection from predators. Adjacent
lands are relatively barren (e.g., farmed fields and

Nontidal perennial aquatic habitats are importantland next to industrial ponds) and lack cover

for many species of wildlife in the Delta. In manyneeded by nesting waterfowl and ottier species that

places within the Delta, nontidal aquatic habitatrequire adjacent open-water and upland habitats.

has replaced the native tidal aquatic habitats.A notable exception is the unreclaimed blowout
ponds around which native vegetation has beenOutside the Delta, the substantial loss or
allowed to establish (e.g., ponds on Webb Tract).degradation of nontidal aquatic habitats associated

with Central Valley wetlands has reduced the
available habitat area for many native fish andThelossof permanentopenwaterwithinhistoric

wildlife species. Land reclamation is the majortidal wetlands substantially reduced habitat for

factor that limits the Contribution of nontidalwaterfowl, shorebirds, and other wetland wildlife

perennial aquatic habitats to the health of thespecies in the Bay-Delta system. Important

Delta. ecosystem processes needed to restore and sustain
nontidal perennial aquatic habitat include:

RESOURCE DESCRIPTION
[] the geologic and hydrologic condition, stream

meander, and tidal function necessary to
maintain permanent surface water;

Historically, most wetlands in the Bay-Delta[] a range of elevations sufficient to support
estuary were tidal. Nontidal perennial aquatic deep-water (greater than 3 feet in depth) and
habitats were largely nonexistent. Some historical shallow-water andareas;
nontidal perennial habitat was created naturally.
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~= adjacent wetland and riparian (streambank)habitat would increase the production of waterfowl
vegetation, and other water birds in the estuary.

Land use and human disturbance are stressors onRestoring nontidal perennial aquatic habitat in
nontidal perennial aquatic habitat. Insufficientsufficient quantity and quality will require
buffer areas around open water reduce habitatreestablishing associated ecosystem processes.
value for wildlife species. These species requireRestoring these processes will establish and
quality upland habitats connected to the aquaticmaintain habitat, reduce or remove stressors, and
habitat and increasing levels of human disturbancehelp restore adjacent habitats.
that adversely affects wildlife using open-water
areas. Restoration efforts should be accomplished

through landowners, conservation groups, and land
The value of open-water habitat to wildlife greatlymanagement agencies. The focus of these efforts
increases if emergent vegetation is present alongshould be to restore open-water habitats on Delta
shorelines and in shallow-water areas. Adjacentislands and other former tidelands of the Bay-
dense upland herbaceous vegetation and riparianDelta.
woodland further increase the value to wildlife.

INTEGRATION WITH OTHER
VISION RESTORATION PROGRAMS

The vision for nontidal perennial aquatic habitat isEfforts to restore fresh emergent w~etland habitat
to increase open-water areas to provide high-would involve cooperation with other wetlandquality habitat for waterfowl and other water birds, restoration and management programs. TheseThis vision can be achieved as a component ofinclude:
saline and,freshwater emergent wetland
restorations. ¯ Agricultural Stabilization and Conservation

Permanent open-water areas could be restored as a Service’s Wetland Reserve Program,

component of nontidal saltwater, and fresh̄
Wildlife Conservation Board’sInlandemergent wetland habitat areas. The bottom slope Wetlands Conservation Program,

ranges of restored wetland areas will provide the
water flow patterns necessary to create a widē

restoration programs administered by Ducksvariety of permanent open-water areas. Waterfowl Unlimited and the California Waterfowl
brood ponds can be constructed on agricultural Association,lands next to suitable waterfowl nesting habitats.

¯ Central Valley Habitat Joint Venture and
.: Restoring nontidal perennial aquatic habitat would North American Waterfowl Management Plan,

improve ecological process and functions of other
habitatsand wildlife. Adjacent wetlandand ¯ the Suisun Marsh Protection Plan,upland habitats would then have increased
ecological value. The open shallow water would̄ and ongoing management of State and federal
provide resting and foraging habitat for waterfowl wildlife refuges and private duck clubs.
and other water birds. Wading and shore birds
would feed in the open shallow water habitat.Cooperation will also be sought from agencies or
These restored habitats may improve the quantityorganizations with responsibility or authority for
and quality of nesting habitat.. Increased nestingrestoring wetland and aquatic habitats, including

~.~ ~
Volume 1: Ecosystem Restoration Program Plan

.-~ ~XY.D~.TA Vision for Nontidal Perennial Aquatic Habitat
~, PrtO~l~l Draft." March 1998

" C O0 6- 4- -



California Department of Fish and Game,
California Department of Water Resources, U.S. ¯ and human disturbance..
Fish and Wildlife Service, the U.S. Army Corps of
Engineers, and the Delta Protection Commission.

IMPLEMENTATION OBJECTIVE,

LINKAGE WITH OTHER TARGETS, AND PROGRAMMATIC

ECOSYSTEM ELEMENTS ACTIONS

The implementation objective for nontidalN0ntidal perennial aquatic habitat is linked to theperennial aquatic habitat is to increase its amount
following ecosystem elements: (1) ecological. in the Delta to provide improved foraging and
processes, (2) habitats, (3) species, andresting habitat for water birds, particularly diving
(4)stressors. ducks, and help to restore and maintain the

ecological health of the terrestrial and aquatic
Related ecological processes include: resources in and dependent on the Delta.

The general target for restoring nontidal perennialnaturalgeologicandhydrologicconditions,
¯ aquatic habitat is to provide 500 acres in the¯ stream meander corridor, Sacramento-San Joaquin Delta Ecological Zone

and 500 acres in the Suisun Marsh/North San¯ and tidal actions that maintain permanentFrancisco Bay Ecological Zone.
water.

Other areas which are closely linked to nontidalThe following actions would help to achieve
targets for nontidal perennial aquatic habitat

perennial aquatic habitat include: restoration:

¯ adjacent wetlands and upland habitats, ¯ Restore nontidal perennial aquatic habitat in
concert with restoration of fresh emergent¯ and riparian and riverine aquatic habitat, wetland habitats.

Species which depend on nontidal-perennial̄ Restore permanent open-water areas by
aquatic habitat include: establishing elevation gradients sufficient to

maintain surface water through natural¯ resident fish and wildlife, groundwater or surface-water recharge, or by

¯ migratory birds, pumping water into lowland areas.

¯ and plant species and communities.

Stressors which adversely effect nontidal perennial
aquatic habitat and wildlife use include:

¯ levee construction,

¯ land use,

¯ loss of edge vegetation,
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DELTA SLOUGHS
,~’

refuge habitat for many native fishes. Slough
~~,,,. ~ habitat also includes associated marsh and riparian
l~~~~~. ~ (streambank) corridors that are important for

..... ~. . . ~- ,~.. ~,.,~ breeding, feeding, resting, and roosting waterfowl.

~-x..~ ~ c~ ~ ~ ] Several resident species of Delta fish live in
~ " ~,~’ ~"~ ~ ~%~ ’ sloughs, and splittail anddelta smelt may use them
~ ’~" "i>

~ S .~g "~ for spawning. Unlike leveed river channels,
~; ~: ~vmnaevme ~N...--J ~ sloughs have marsh and riparian fringes with

,., ~ ~ Island.~ -~_~’~.                 __~,_ . . ,
.y~ ¯ .

~
habitat.Shall°w water and natural shaded rivedne aquatic

¯ g, ~;9’ ~ " / ~;:~ ~ RESOURCE DESCRIPTION

Delta sloughs provide various beneficial habitats.
They offer protection to plants, fish, and wildlife
from wind and high-velocity flows. Delta sloughs

INTRODUCTION support floating aquatic plant communities, which
are otherwise found only in small, sheltered
pockets along open channels. The seasonal

Sloughs are a small remaining part of natural Deltasuccession of native floating plants in sloughs is a
habitats. Sloughs are tidal channels of the Deltavaluable link in the estuary’s food chain. First to
that once connected rivers to the Bay through Deltaappear is duckweed, which provides primary food
marshes. These low-velocity, natural tributaries ofproduction for insect larvae, crustaceans, and
Delta rivers vary in depth and width, have gentlywaterfowl and other birds. The duckweed
sloped, vegetated sides, and are connected to thecommunity creates conditions favorable to water
Delta. fern establishment. The water fern’s pores contain

a bacterium that photosynthesizes and "fixes"
Most of the Delta sloughs were lost when the(stores) nitrogen, which allows the water ferns to
islands were reclaimed by construction of theestablish in nitrogen-deficient waters. Aquatic
levees. Many smaller Delta sloughs were lost inplants in sloughs provide protective cover for fish;
the past several decades when levees severed themhabitat for insects, fish, and birds; and an
from main channels. Levee construction andabundance of food organisms. Wildlife use varies
maintenance along sloughs has reduced the habitatwith the amount of open water and marsh, the
value of many natural sloughs in the Delta. Boatextent and type of vegetation present, and
traffic has also lead to shoreline erosion and loss ofsurrounding land uses.
shallow water, marsh, and riparian habitat along
many sloughs. Delta sloughs provide habitat for biological

functions necessary for the survival of resident and
Sloughs provide warmer, highly productive habitatmigratory fish species. These species need Delta
for seasonal spawning, rearing, and foraging forslough’s warm, highly productive habitat for
many aquatic organisms, as well as importantseasonal spawning, rearing, and foraging. Organic
organic carbon productivity for all habitats of thecarbon created by the sloughs helps other Bay-
Bay-Delta. Sloughs provide shallow, low-velocity Delta habitats.
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Adjacent marsh and riparian corridors providewildlife populations, provide shallow-water
breeding, feeding, resting, and roosting habitat forhabitats for fish spawning and rearing, and provide
waterfowl and wildlife. Delta sloughs and theiraquatic, wetland, and riparian habitat for wildlife.
riparian scrub, riparian forest, and open-waterExisting sloughs would be protected and enhanced
habitats provide the complex habitat needed byand the area of tidal slough habitat would be
some State- and federally listed species such as theincreased.
giant garter snake, splittail, and delta smelt.

Existing natural sloughs require protection and
Dead-end sloughs include Beaver, Hog, andhabitat improvement. Additional restoration
Sycamore Sloughs. These quiet backwatersefforts would be identified by developing a
provide essential habitat for native resident fish.thorough understanding of site-specific sediment
Open-ended sloughs provide unique, generallytransport, tides, hydrogeomorphology (landscape
li~w-velocity habitats and migratory pathways for forms created by moving water), and Delta channel
many species. In addition, the adjacent riparianhydraulics (water flow patterns). Restoration of a
corridors provide habitat for wildlife and variety of slough and adjacent terrestrial and
waterfowl.~ would provide wide ofaquaticareas a range

complex habitats that would benefit many aquatic
Sloughs provide valuable transitional zones thatand terrestrial species.
link upland terrestrial habitats with open-water
habitats. Historically, these transitional areasChanges in tidal flows through sloughs and
provided foraging, resting, and escape cover fordecreased human disturbance (e.g., reduced wake
shore and wading birds and other waterfowl,erosion) could improve slough habitat. Removing
Resident and migratory fish use sloughs forinvasive, non-native aquatic plants would help
rearing, foraging, and escape cover, restore many smaller sloughs to their natural

function.
The ability of most sloughs to provide these
functions has been severely degraded. Urban and
industrial development has moved into areas INTEGRATION WITH OTHER
adjacent to sloughs, destroying historic riparian
habitat. Other factors that have contributed to RESTORATION PROGRAMS
degradation of habitat values include invasion and
spread of non-native aquatic plants, such as water
hyacinth, reduced water quality, and reducedMany projects associated with wetlands would
freshwater outflows. In addition, levee benefit open-ended and dead-end sloughs. Some
construction and channel dredging have convertedof these are sponsored by:
gradual sideslopes that once supported marsh and
tidal flat habitat into steep-sided, high-velocity[] San Francisco Estuary Project, Bay Area
channels with narrow strips of emerging shoreline Wetlands Planning Group,
habitat.

[] California Wetland Riparian Geographic
Information System Project,

VISION
[] Governor’s California Wetland Conservation

Policy,

The vision for Delta sloughs is to increase the area
[] Inland Wetlands Conservation Program,of high-quality interconnected dead-end and open-

ended Delta sloughs. Achieving this vision will
NorthBayWetlandsProtectionProgram,assist in the recovery of special-status fish and

~.~ ~
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¯ San FranciscoEstuaryProject, slough distribution. Sloughs will be restored
within tidally influenced freshwater emergent

[] and WetlandsReserveProgram. wettands, mudflats, and seasonal floodplains.
Healthy sloughs will help restore and maintain the
ecological health of the aquatic resources in and

LINKAGE WITH OTHER dependent on the Bay Delta.

ECOSYSTEM ELEMENTS The general target for restoration of Delta sloughs
it to restore 160 miles in the Sacramento-San
Joaquin Delta Ecological Zone and 30 miles of

Delta sloughs are linked to the followingtidal sloughs in the Suisun Marsh/North San
ecosystem elements: (1) ecological processes, (2)Francisco Bay Ecological Zone. The restoration of
habitats, (3) species, and (4) stressors. ForDelta sloughs will, in many instances, be closely
example sloughs an important element in Deltalinked to the restoration of tidal perennial habitat,
channel hydraulic, provide a range of aquaticand fresh and saline emergent marshes. In
habitats from deep water to tidal emergentdeveloping the approach to habitat restoration, a
vegetation and supports riparian vegetation. Manymosaic of habitats is very desirable, including
resident fish species, invertebrates, reptiles andprovisions for increasing the overall linear mileage
amphibians utilize these habitats, as well asof Delta sloughs.
resident and neotropical migratory birds, and
waterfowl. Actions that could be taken to improve slough

Maintenance and restoration of Delta and other
habitat in the Delta include the following:

tidal slough are dependent on Channel hydraulics;[] Protect existing dead-end and open-ended
natural sediment supply, sediment transport, sloughs from possible future degradation
erosion, and deposition; and tides, through cooperative agreements with land

managementagencies or conservation
Other habitats that are interconnected to Delta and easements or purchase from willing sellers.
other tidal sloughs include open water areas, tidal
perennial aquatic habitat, mainstem rivers,[] Restore hydrologic conditions necessary for
emergent wetlands, mudflats, seasonal floodplains, establishing Delta sloughs by constructing
and riparian and riverine aquatic habitats, setback levees, removing dikes, constricting

slough openings, and managing flows through
Stressors to the health and quality of slough Delta channels.
habitats include levee and channel island erosion,
increased water velocities, and the removal of[] Where consistent with flood control
overhanging .vegetation. objectives, modify vegetation management

practices along levees adjacent to sloughs to
allow wetland vegetation to ree.stablish

IMPLEMENTATION OBJECTIVES~ naturally.

TARGETS~ AND PROGRAMMATIC [] Identifyand implement solutions to levee and

ACTIONS channel island erosion that do not remove
shallow-water habitat, increase water
velocities, or remove overhanging vegetation.

The implementation objectives for Delta sloughs
are to protect and improve existing tidal slough[] Reduce the adverse effects of boat wakes in

habitat and restore a portion of the historical Delta sensitive habitat areas by excluding boats from
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certain areas at certain times and establishing
maximum speed limits.

Restore connectivity between high-quality
habitats through cooperative agreements with
land management agencies or through
conservation easements or purchase from
willing sellers.

! ¯ Where possible create new slough habitat
where tidal saline and freshwater emergent
wetlands are created in the Bay and Delta.

i

Ii ~ ~
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MIDCHANNEL ISLANDS AND SHOALS

increased wakes from boats and changes in water
velocities.

Midchannel islands vary in size, shape, and
elevation, creating a diversity of habitat types and
associated wildlife benefits. Protecting midchannel
islandsandshoals help improve the overall

INTRODUCTION quality and diversity of Bay-Delta aquatic habitats.
Improving the productivity of the Bay-Delta
aquatic habitat foodweb is needed to support the

Midchannel islands and shoals provide unique
sustainable production and survival offish.

remnant shallow-water habitat in many Delta
channels. They typically support tule marsh, andThe Delta formerly supported broad expanses of

to a lesser extent willow scrub, tidal mudflattule marshes, riparian forests, and shallow-water

habitats mid associated wildlife and fish. Somehabitats. Today, most of these habitats have been
replacedby intenseagriculturalproductionmidchannel islands have small, remaining riparian on

woodlands with oaks, cottonwoods, alders, and
levee-bounded islands. Delta islands are separated

willows, by steep-banked waterways, which provide few
shallow-water areas where natural vegetation can

Midchannel islands and shoals have been shrinking
take root. Natural vegetation is generally limited to

or disappearing as a result of progressive erosionmidchannel islands and a narrow band along levee

of the remaining habitat. Loss of islands andedges. In many areas, even this remaining band of

shoals affects fish and wildlife habitat, and
vegetation has been displaced bybankprotection.

foodwebproductivity. Major factors contributing Cumulative loss of natural vegetation has a
detrimental impact on the Delta’s fish and wildlifeto the loss of midchannel islands and shoals are
populations.gradual erosion from channels conveying water

across the Delta to south Delta pumping plants,
Midchannel islands and shoals in the Delta are theboat wakes, and dredging within the Delta or on
remnants of naturally occurring islands that existedadjacent waters,
prior to reclamation or are remnants of natural or
old levees. The islands are what remains of an
expanse of tule marsh with largely shallow and

RESOURCE DESCRIPTION diffuse channels separating the stands. Early
efforts to convert the Delta islands into agricultural
lands included dredging in the vicinity of these

Midchannel islands and adjacent shoals provideislands for material to form levees. At first,
shallow-water edge, riparian scrub, and emergentdredging was simple because most of the
marsh ’habitat in selected Delta channels. Theexcavated land was intertidal marsh. While
midchannel islands in some Delta locations retainconverting the marsh to agriculture lands, naturally
many of these qualities because of their relativemeandering channels were straightened, resulting
isolation. In other channels, high water velocities,in the creation of tule islands. In other areas, the
heavy use for boating, and associated wave-distance between levees was wide and marsh was
induced erosion have degraded these islands,left between the levees. The sizes of these
Many of the Delta channels and their midchannelremainders varied considerably.
islands and shoals are changing rapidly because of
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Midchannel islands and their adjacent shoalsdiversity and connectivity of physical habitats. The
present a wide array of physiographic types andresult of these alterations is a reduction in fish
include a wide variety of habitats. Island habitatsdiversity, a shift in fish trophic structure, and an
range from small tule islands that are essentiallyincrease in temporal variability of fish abundance
freshwater marshlands to large upland sites within water ecosystems.
riparian woodland, dredge spoils, brushland,
ponds, and a variety of marsh types. The terrestrial-aquatic interface experiences

extreme physical-chemical variability when
An important attribute of these islands is theirhydraulic conditions fluctuate. Floodflows are
isolation from mainland activities. Isolation turnsconfined by levees and bank protection structures.
these islands into wildlife refuges during springFluvial energy increases flows that scour and cut
and summer months when recreational use of theinto the midchannel islands and shoals.
Delta is at its peak.

The main concern regarding midchannel islands is
Midchannel islands and shoals provide valuablethe rate at which they appear to be eroding.
riverine-edge and shallow-water habitat withinMidchannel islands are built up by sediment
main channels. Actual descriptions of midchanneldeposits and reduced by erosion. Reduction of
islands would have to be made on a site-by-siteflow or sediments reduces or halts the rate of
basis, since their physical features depend onmidchannel island formation. Some waterways
parameters such as elevation, size, location, andwithin the Delta lack sufficient sediment, while in
amount of human disturbance. The island’sother areas, erosion exceeds deposition. Lack of
isolation from human disturbance and the amountsediment supply to the Delta causes midchannel
of disturbance to the terrestrial-aquatic interfaceislands and shoals to erode, decreasing both the
determine the value of midchannel islands toquality and quantity ofisland and shoal habitat,
wildlife, especially listedspecies. Dredging the shoals immediately adjacent to

channel islands undermines the structural stability
Midchannel islands and shoals are importantof the islands and subjects them to slumping and
components of the landscape and contribute to theincreased erosion. Boat wakes and boat-related
health of the Bay-Delta. Other important recreational activities play a large role in the
ecological functions influencing Bay-Delta health’ increased rate of erosion.
include natural sediment supply, aquatic habitat,
nutrient input, and areas of primary (plant) and
secondary (invertebrate) production. Various life ’VISION
stages and species of fish require a variety of
habitats and the to between habitatability move
patches. Habitat variations and access are
important for the reproduction and survival of fish

The vision for midchannel islands and shoals is to
protect them to provide high-quality habitat for fishin flowing water ecosystems. Shallow water
and wildlife dependent on the Bay-Delta.habitat in the Delta is predominantly found along

levees, islands, and shoals. The terrestrial-aquaticRestoring midchannel islands is dependent on local
hydrologic conditions (e.g., water depth, water(land-water)interfaceprovideshabitatdiversity,a

large supply of organic matter, and shallowvelocity, and wave action). Depositing sediment
habitats with few aquatic predators. Most Delta-       necessary for establishing and maintaining shoals

and terrestrial-aquatic interfaces will help rebuild
spawningfishspawnin shallowwater.

the islands and reduce harmful erosion. PreservingHuman activities on stream ecosystems are
midchannel island isolation will protect the islands
and shoals from further damage and allow fortypicallyconcentratedat the terrestrial-aquatic

interface. Shallow water land uses decrease the       natural habitat restoration.

~ ~
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Direct restoration of midchannel islands and shoalsEcological processes include contribution to the
will be the primary approach to achieving thisBay-Delta aquatic foodweb and natural sediment
vision. The primary method of restoringsupply which helps to maintain channel islands.
midchannel islands would be to protect and
improve existing channel islands. RestorationMidchannel islands and shoals provide riverine-
should include reconstructing the natural flows andedge habitat, shallow-water habitat, escape cover
velocities that provided consistent and predictablefor young fish and wildlife, riparian and riverine
flows and sediments. Consequently, sedimentaquatic habitat, and mudflats. Numerous aquatic
supply must be restored to that which formedand terrestrial fish, wildlife, and plant species rely
islands, shoals, and habitat for native fish andon the complex array of habitats provided by this
wildlife, type of habitat.

Reducing erosion rates and .offsetting erosionErosion seems to be the major stressor that is
losses would reduce the effects of major stressorsimpairing the ecological health of this resource.
on these islands. Reducing boat wakes andThis erosion is a result of wind-driven and boat
excessive channel velocities will allow depositswake wave erosion and high channel water
and wetlands to establish, velocities.

INTEGRATION WITH OTHER IMPLEMENTATION OBJECTIVE,
RESTORATION PROGRAMS TARGETS, AND PROGRAMMATIC

ACTIONS
The U.S. Army Corps of Engineers and U.S. Fish
and Wildlife Service Deep Water Ship ChannelThe implementation objective for midchannel
Monitoring Program was a project to provide islands and shoals is to protect and enhanceinformation to successfully design and createexisting remnant channel islands in the Delta.wetland habitats in the Delta. The project

Prioritize island restoration starfingwith those thatdeposited dredged spoils to create new shallow-have greatest chance to be maintained by restored
water, wetland, and upland habitats within twostreamflow patterns, hydraulic conditions,flooded islands in the Sacramento-San Joaquin

sediment transport, and other restored ecosystemDelta. The Levee Subvention Program
demonstration projects for erosion control andprocesses.

habitat establishment is another related effort.
The general restoration target for midchannel
islands and shoals are restore and maintain 50-200
acres of high quality midchannel islands and

LINKAGE WITH OTHER shoals.

ECOSYSTEM ELEMENTS
The following actions would help to protect and
restore channel islands and shoals:

Midchannel islands and shoals are linked to other
ecosystem elements including (1) ecological

¯ Implement restoration projects currently
proposed in the Delta by resource andprocesses, (2) habitat, (3) species, and (4) stressors,
cooperating agencies.

¯ Develop and implement an inventory and
assessment of the existing midchannel Delta
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islands. Use this information to develop long-term
actions to protect and enhance the islands:

[] Install structures, such as floating booms, to
weaken the force of waves to reduce
midchannel erosion in sensitive areas.

[] Reduce boat traffic near high quality
midch .annel islands.
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SALINE EMERGENT WETLAND

surface. Most remnant tidal saline emergent
wetlands are narrow bands along the margins of
San Pablo Bay and Suisun Marsh and Bay.
Extensive relict tidal marshes are associated with
Cutoff Slough and eastern Hill Slough flank the
Potrero Hills in the north central Suisun Marsh and
are especially unique in that there is a wetland
continuum from tidal slough through low, middle,
and high marsh zones and into adjacent uplands
which are rich with associated vernal pools.

INTRODUCTION                 Land use changes over the past century have
reduced the amount of saline emergent wetland
habitat and fragmented what was once nearly

Saline emergent wetland habitats are located on thecontiguous habitat. In particular, diking of historic
western edge of the Delta and in Suisun Marsh onwetlands has substantially reduced the amount of
the Bay. Saline emergent wetland habitats,tidally influenced saline emergent wetlands. Large
including brackish and saline wetlands, areareas of nontidal wetlands that were created largely
important habitats for fish and wildlife that areby diking for reclamation are present in the Suisun
dependent on marshes and tidal shallows. Marsh and Bay areas.

Saline emergent wetland habitats also supportSaltwater flowing into the Delta was reduced by
several special-status plant species. The loss orwater management in California’s Central Valley.
degradation of historic saline emergent wetlandsBefore the development of California’s reservoir
has substantially reduced the habitat area available
for associated fish and wildlife species. Several" during summer months. This saltwater intrusion
plant and animal species closely associated withcreated a seasonally wide range of salinity over a
tidal saline emergent wetlands have been listed aslarge portion of the estuary. Reservoir operations
endangered under the State and .federaland other water management practices have
Endangered Species Acts, primarily as a result ofreduced saltwater intrusion into the Delta by
the extensive loss of this habitat type. Majorretaining water during winter and releasing water
factors that limit this resource’s contribution to theduring summer. Consequently, the area that can
health of the Delta are related to harmful effects ofsupport brackish wetlands has been reduced, and
saline emergent wetlands conversionfor the area that can support fresh emergent wetlands
agricultural, industrial, and urban uses. has increased. Complex water control systems are

now required in Suisun Marsh to preserve the
largest single area of saline emergent wetland

RESOURCE DESCRIPTION habitat in Califomia.

Saline emergent wetland area and quality have
Saline emergent wetlands were once continuousdecreased because of historical conversion to other
from San Francisco Bay into the western Delta..uses, and reduced land subject to tidal flooding.
Saline emergent habitat also is found in low-This habitat has a reduced potential to maintain
elevation areas of the Central Valley where saltspopulations of many native plant and wildlife
have accumulated and groundwater is near thespecies. A number of plant species that depend on

saline emergent wetlands, including Ferris’s

"
~ 01F~
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milkvetch, soft bird’s beak, palmate bird’s beak,The loss of tidal exchange can also affect the
narrow-leaf gumplant, Suisun Marsh thistle,biochemical balance.in the soil-water interface:
heartscale, San Joaquin spearscale, crownscale,Excessive accumulation of salt in some soils has
brittlescale, Delta button celery, and hairy bird’screated conditions unsuitable for plant growth.
beak, have been given special status because ofAgricultural and other land uses have allowed non-
their reduced populations, native weedy plant species to become established

in remaining wetlands. Non-native weeds compete
More than 25 species Of birds and mammals usewith native plants and change the structure and
saline emergent wetlands in the estuary,diversity of the saline emergent plant community
Populations of some wildlife species that arefrom historical conditions.
heavily dependent on saline emergent wetlands,
such as the endangered clapper rail and salt marshTidal exchange is the primary process that supports
harvest mouse, have been substantially reduced inhealthy saline emergent wetlands in the Bay-Delta.
the Bay-Delta and designated as special-status Tides flush the wetland system, replacing nutrients
species. A few wetland-associated species, such asand balancing salinity concentrations. Changes in
waterfowl and egrets, have adapted t6 foraging onthe tidal flux and the accompanying dally and
some types of croplands, seasonally salinity changes are critical to habitat

functioning. Saline emergent wetlands are
emergent serves as an recognized high productivity,Saline wetland also for their which

important transitional habitat between open waterresults from the complex interactions of dissolved
and uplands. Wildlife Species that use tidallynutrients with the salineor brackish water. The
influenced areas, such as the salt marsh harvestprocess of mixing estuarine freshwater with tide-
mouse, have adapted to moving during high tidesdriven saltwater is critical for the biochemical
to seasonal wetlands and uplands above the salinetransformations (i.e., carbon and nitrogen cycles)
emergent wetlands. Loss of adjacent seasonalwhich support the entire estuarine ecosystem.
wetlands and uplands has prevented species
associated with these intertidal habitat areas fromHuman-made stressors negatively affect the health
finding refuge in the higher tidal zone elevations,of saline emergent wetlands. Controls placed on

seasonal inflow of fresh water to the Delta affect
Since the turn of the century, an estimated 70,000the salinity gradient of the estuary. Land use
acres of saline emergent wetland have been lost inpractices, primarily those associated with
the Suisun Marsh and Bay and the west Delta. Theagriculture, result in the establishment of weedy
primary factor causing this loss has been wetlandsplants that displace native, saline-adapted plant
conversion to agricultural and other land uses. species. An associated stressor is the loss of

adjacent native upland habitats, which are used by
Diking has isolated most of the remaining salinesome wildlife species as a temporary refuge when
emergent wetlands from tidal flows. Loss of tidalescaping high tides. Collectively, these stressors
flows into and of the wetlands has have reduced the habitat ofout substantially substantially quality
reduced the exchange of nutrients between theseremaining saline emergent wetlands:    The
wetlands and tidal aquatic communities. Wetlandscombined effect of these actions could eventually
receiving tidal flows are highly productive,be the elimination of much of the remaining
supporting large numbers of important foodwebhabitat. .
microorganisms, and maintaining rearing areas for
many fish species. Consequently, loss of tidal VISION
exchange has greatly reduced the contribution of
saline emergent wetlands to the Bay-Delta aquatic

The vision for this habitat type is to protect"ecosystem.

existing saline emergent wetlands from
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degradation or loss. Wetland habitat will bepractices; establish additional incentive programs
increased to assist in the recovery of special-statusto encourage landowners to create and maintain
plant, fish, and wildlife populations. Restorationsaline emergent wetlands; and protect existing
will provide high-quality habitat for other fish andhabitat areas from future degradation through
wildlife dependent on the Bay-Delta. acquisition of conservation easements or purchase

from willing sellers.
Restoration of saline emergent wetlands would
focus on protecting and improving important
existing wetlands and restoring wetlands in the INTEGRATION WITH OTHER
Suisun Marsh/North San Francisco Bay Ecological
Zones. Restoring saline emergent wetland is RESTORATION PROGRAMS
dependent on restoring tidal flows, establishing
and maintaining healthy estuafine salinity gradients
and reestablishing elevation gradients from openEfforts to restore fresh emergent wetland habitat
water to uplands, would involve cooperation with other wetland

restoration and management programs. These
Enhancing and increasing saline emergent wetlandinclude:
habitat would also help to increase water quality.
Areas restored to tidal flow will contribute to the [] Suisun Marsh Preservation Agreement,
aquatic foodweb of the Bay-Delta and provide fish
rearing habitat. Restoring saline emergent wetland[] Agricultural Stabilization and Conservation
would improve the ecological value of adjacent Service’s Wetland Reserve Program,
associatedhabitats, including tidal aquatic habitats,
. and will provide an important transitional zonē Wildlife Conservation Board’s Inland
between open water and uplands. Wetlands Conservation Program,

Other habitat restoration efforts will be directed [] restoration programs administered by Ducks
toward reestablishing native plant species, Unlimited and the California Waterfowl
controlling competitive weedy plants, increasing Association,
the quality of adjacent upland habitats to provide
refuge for wildlife during high tides, and̄ ongoing management of State and federal
modifying land use practices that are incompatible wildlife refuges and private duck clubs,
with maintaining healthy wetlands. Restoring
saline emergent wetlands would be coordinated̄ and the San Francisco Bay Wetlands
with restoration of other habitats to increase overall Ecosystem Goals Project.
habitat values. For example, saline emergent
wetland greatly increases wildlife habitat quality ofProposed ERPP targets may be adjusted to reflect
deep and shallow open-water areas and adjacentgoals identified by the San Francisco Bay.
grasslands. Wetlands Ecosystem Goals Project. Agencies or

organizations with responsibility or authority for
These protection and restoration needs could berestoring wetland and aquatic habitats will be
met by establishing cooperative efforts betweenasked to cooperate. These include:
government and private agencies. This effort
would coordinate implementation of existinḡ U.S. Bureau of Reclamation,
restoration strategies and plans; develop’ and
implement alternative land management practices̄ California Department of Water Resources,
on public lands to improve wetland habitat quality
or promote habitat recovery; provide incentives to ¯ California Department of Fish and Game,
private landowners to implement desirable land use

~.. ~
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¯ U.S. Fish and Wildlife Service, The general target for saline emergent wetland is to
restore 7,000 to 11,000 acres in the Suisun

¯ and the Delta Protection Commission, Marsh/North San Francisco Bay Ecological Zone.

The following actions would help achieve saline

LINKAGE WITH OTHER emergent wetlands restoration:

EcosYSTEM ELEMENTS ¯ restore tidal flows to diked wetlands by
breaching dikes in suitable areas;

Saline emergent wetlands are linked to other̄ establish desirable estuarine salinity gradients
ecological elements in the Bay. Tidal exchange is by managing water diversions and water
an important ecological restores releases upstream tofunctionthat the from reservoirs control
proper salinity and nutrient balance and mixed seasonal freshwater inflows to the Delta;
fresh and estuadne waters.

[] balance seasonal flows from reservoirs for
Saline emergent wetlands are closely linked to fisheries, water conveyance, flood control, and
open water areas and upland habitats. The value of the needs of other habitats; and
each habitat is increase by the presence and quality
of the adjacent types of habitats. A variety of¯ restore a more natural elevation gradient in
aquatic and terrestrial fish, wildlife and plant wetlands to allow a greater diversity of native
communities depend on healthy saline emergent saline plant species, including special-status
wetlands. These include numerous plant species . species, that are adapted to different elevations
and the salt marsh harvest mouse, and provide a broader range of habitats for

wildlife.
Saline emergent wetland are impaired by reduced
seasonal inflow of fresh water, land use and loss of
upland habitat, and introduction and proliferation
of invasive salt marsh plant species.

IMPLEMENTATION OBJECTIVE~
TARGETS AND PROGRAMMATIC

ACTIONS

The implementation objective for saline emergent
wetland habitat is to increase the area of saline
emergent wetlands. The increased wetlands area
would provide high-quality habitat for waterfowl,
shorebirds, and other associated wildlife; provide
rearing habitat, foraging habitat, and escape cover
for fish; and the and ofexpand populations range
associated special-status and State- and federally
listed plant and animal species.
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FRESH EMERGENT WETLAND

RESOURCE DESCRIPTION

Over the past 150 years, more than 300,000 acres
of fresh emergent wetlands have been lost in the
Sacramento-San Joaquin Delta Ecological Zone.
Less than ’15,000 acres remain.

Prior to the mid-1800s, extensive areas of fresh
emergent habitat occurred throughout the Central
Valley, particularly in the Delta. A complex
network of rivers, sloughs, and channels connected
low islands and basins that supported a diverse and
dense variety of .freshwater emergent vegetation.
This freshwater emergent vegetation supported a
diversity of fish and wildlife species and ecological
functions.

INTRODUCTION Vast areas of the" Sacramento-San Joaquin Valleys
were commonly flooded in winter by a slow-
moving blanket of silt-laden water. Flood control

Most fresh emergent wetlands in the Delta occur asactivities and land settlements in the late 1800s and
narrow, fragmented bands. These fragmentedearly 1900s led to the development of leveed Delta
wetlands appear along island levees, channelislands. Levees and other land uses led to the loss
islands, shorelines and levee blowout ponds,of fresh emergent wetlands in the Delta. Loss of
Small areas of nontidal fresh emergent wetlandswetlands has substantially reduced habitat for
exist on Delta islands. These Delta island wetlandswetland wildlife species in the Bay-Delta system.
are primarily associated with agriculturalFresh emergent wetland losses have also
infrastructure (e.g., drainage ditches), leveesubstantially reduced the area available for the
blowout ponds, and areas managed for wetlandsbiological conversion of nutrients in the Delta.
(e.g., duck clubs). The Delta contains insufficient wetland area to

provide adequate levels of nutrient transformation,
Tidal and nontidal fresh emergent wetland habitatswhich results in lower quality water in San
are important habitat areas for fish and wildlifeFrancisco Bay.
dependent on marshes and tidal shallows and
support several special-status plant species. TheThe loss of fresh, emergent wetlands has
loss or degradation of historic fresh emergentsubstantially reduced the habitat of several plant
wetlands has substantially reduced the habitat areaand wildlife species. Some species being
available for associated fish and wildlife species,designated as California or federal special-status.
Major factors that limit this resource’s contributionand threatened with local extermination. At least
to the health of the Bay-Delta are related to adverseeight plant species, Suisun Marsh aster, California
effects of wetlands conversion to agricultural,,hibiscus, bristly sedge, Jepson’s tule pea, Mason’s
industrial, and urban uses. lilaeopsis, marsh mudwort, Sanford’s arrowplant,

and marsh scullcap, are endemic to the Delta.
Most of these plants are adapted to a complex tidal
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cycle and are typically found with more commonWind, boat-wake waves, and high water velocities
vegetation such as tule, cattails, common reed, andin confined channels actively erode the soil needed
a great diversity of other herbaceous plant species,to support remnant fresh emergent wetlands.
Changes in habitat conditions have allowed theContinued erosion 6f existing habitat, such as
invasion of hundreds of non-native weedy plantmidchannel islands and levees and levee berms, is
species. Some of these species, such as watercurrently the primary cause of habitat loss in the
hyacinth, now clog waterways and irrigationDelta.
ditches and reduce overall habitat quality for native
plants and wildlife.

VISION
Over 50 species of birds, mammals, reptiles, and
amphibians use fresh emergent wetlands in the
Delta. Populations of some wildlife species thatThe vision for this habitat type is to protect
are closely dependent on fresh emergent wetlands,existing fresh emergent wetlands from degradation
such as the California black rail, giant garter snake,or loss and increase wetland habitat. Achieving this
and western pond turtle, have been substantiallyvision will assist in the recovery of special-status
reduced in the Delta and designated as special-plant, fish, and wildlife populations, and provide
status species. A few wetland-associated species,high-quality habitat for other fish and wildlife
such as waterfowl and egrets, have successfullydependent on the Bay-Delta.
adapted to foraging on some types of Delta
croplands converted from historic wetland areas. Restoration of fresh emergent wetlands wot~Id

~ focus on protecting and improving important
Isolating wetlands from tidal flows and removingexisting wetlands, such as channel islands, and
Delta island fresh emergent wetlands changed therestoring wetlands in the Sacramento-San Joaquin
ecological processes that support wetlands.Delta and Suisun Marsh/North San Francisco Bay
Removing the perennial water and vegetation from
the organic soils of Delta islands resulted in soil

Ecological Zones.

oxidation and, subsequently, the subsidence of the
To prevent further loss of existing fresh emergentinterior islands. Loss of these tidal flow to islandswetlands erosion rates must be reduced. Inchannelhas reduced habitat for native species of fish,
islands and levee berms are of particular concern.plants, and wildlife; reduced water quality; andErosion losses could be offset by allowing

decreased the area available for floodwaterdeposition and wetland establishment. Wetlandsdispersion and suspended silt deposition, erosion could be reduced by reducing boat speeds
where wetlands are subject to boat-wake-inducedHigh water velocities in confined Delta channelserosion (e.g., Snodgrass Slough). Constructing

continue to erode remaining fresh emergentprotective structures around eroding channel
wetland at a greater rate than habitat formation.islands would weaken wave action (e.g., wave
Continued erosion reduces the amount of freshbarriers and riprap groins) in a way that retains
emergent habitat changes the elevation of the landihabitat value for fish and wildlife. Protecting
Elevation affects the types of plant species that caninchannel islands from further erosion and
grow depending on a species’ ability to tolerateconnecting with larger islands would provideflooding. Flood protection and levee maintenancegreater protection for this unique habitat.
continue to impair wetland vegetation and prevent
the natural reestablishment of fresh, emergentRestoring fresh emergent wetland is dependent onwetlands in some locations,

local hydrological conditions (e.g., water depth,
water velocity, and wave action); land elevation

I
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and slope; and the types and patterns of sediment" Agricultural S.tabilization and Conservation
deposition. The approach to restoring fresh Service’s Wetland Reserve Program,
emergent wetlands would include:

¯ Wildlife Conservation Board’sInland
¯ reestablishing the hydraulic, hydrologic, and Wetlaiads Conservation Program,

depositional processes that sustain fresh
emergent wetlands and inchannel islands; ¯ restoration programs administered by Ducks

Unlimited and ~he California Waterfowl
¯ restoring a full spectrum of wetland elevations Association,

to allow the establishment of a greater
diversity of plant species, including special-¯ and ongoing management of State and federal
status species adapted to different elevations wildlife refuges and private duck clubs.
within the tidal or water (nontidal sites)
column;and Restoration efforts would be conducted in

cooperation with agencies or organizations with
¯ providing a broader range of habitats for responsibility or authority for restoring wetland

wildlife, and aquatic habitats, including:

Restoration of fresh emergent wetlands would bē California Department of Fish and Game, ¯
coordinated with restoration of other habitats to
increase overall habitat values. Restoration would̄ California Department of Water Resources,
also include reestablishment of the full diversity of
fresh emergent wetland plant associations to ensurē U.S. Fish and Wildlife Service,
that the habitat needs of special-status and other
species that are dependent on specific vegetation̄ U.S. Army Corps of Engineers,
associations are met. ¯

-~ ¯ and the Delta Protection Commission.
Protecting and restoring fresh emergent wetlands
could be accomplished by implementing elements
of existing restoration plans such as Central Valley LINKAGE WITH OTHER
Habitat Joint Venture; expanding State and federal
wildlife areas to create additional wetland ECOSYSTEM ELEMENTS
complexes; improving management of existing and
restoring additional fresh emergent wetlands on.
private lands; and reestablishing connectivityFresh emergent wetlands are linked to other
between the Delta and Delta islands, and betweenecological elements in the ERPP study area. This
channels with their historic floodplains, type of habitat contributes to the aquatic foodweb

by supporting nutrient transformation. Fresh ¯
emergent wetland also provides habitat for many

INTEGRATION WITH OTHER wildlife and plant species. Some of these are
designated California or federal special status

RESTORATION PROGRAMS species.

Stressors that have reduced the extent of fresh
Efforts to restore fresh emergent wetland habitatemergent wetlands include flood protection ¯
would involve cooperating with other wetlandpractices, levee construction, and the loss of tidal
restoration and management programs,These flow. Increased water velocities in Delta channels
include: causes erosion of wetlands and changes the

elevation of the landl Wind and boat wake erosion
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also contribute to the loss of soil needed to supportThese protection and restoration strategies could be
fresh emergent wetlands in areas whereimplemented by:
midchannel islands and levee berms are present.

establishingcooperative efforts between
government and private agencies to coordinate

IMPLEMENTATION OBjECTIVE~ the efficiency of implementing existing
restoration strategies and plans;

TARGETS~ AND PROGRAMMATIC
ACTIONS ¯ developing and implementing alternative land

management practices on public lands to
improve wetland habitat quality or promote

The implementation objectives for fresh emergent habitat recovery, and provide incentives to

wetland habitat are to protect and enhance existing private landowners to implement desirable
land use practices;wetlands by restoring tidally influenced freshwater

emergent wetland in the Delta. This protected
wetland would provide high-quality habitat for¯ establishing additional incentive programs to

waterfowl, shorebirds, and other associated encourage landowners to establish and
maintain fresh emergent wetlands; andwildlife and rearing, foraging, and escape cover for

fish. Populations and ranges of special-status and
State- and federally listed plant and animal species

¯ protecting existing habitat areas from potential

would beincreased. ¯ future degradation through acquisition of
conservation easements or purchase from

The overall target for fresh emergent wetlands is to          willing sellers.
restore or recreate 30,000- to 45,000 acres in the

Restoration of stream meander belts and theSacramento-SanJoaquinDelta EcologicalZone.
process of overbank flooding along major
tributaries to the Bay-Delta as proposed in theActions that would help restore fresh emergent

wetlands include: ERPP in other ecological zones will also create the
conditions necessary for the natural

¯ Setbacks or breaches of island levees to allowreestablishment of fresh emergent wetlands

water flows to reestablish wetlands with elsewhere in the Central Valley.

improved but limited ecological functions.

¯ Increase land elevations in the interior of Delta
islands where subsidence has lowered land
elevations below tidal emergent wetlands

¯ Use substrate materials to create levee berms
at elevations necessary for fresh emergent
vegetation

¯ Modify, where consistent with flood control
objectives, levee vegetation management
practices to allow wetland vegetation to
naturally reestablish. :

Reintroduce plants suitablenativewetland into
sites.
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SEASONAL WETLANDS

seasonally flooded shallow areas, in particular, has
directly resulted in the listing of several species as
threatened or ~ndangered under the federal
Endangered Species Act.

Major factors that limit the contribution of this
habitat type to the health of the Bay-Delta are
related to adverse effects of land conversion, and
substantial reductions in seasonal overbank
flooding.

RESOURCE DESCRIPTION

Vernal pools and wet meadows are associated with
soils (basalt flow, claypan, hardpan, voicanic ash-
flow, volcanic mudflow, mesa, and plateau) that
maintain standing water after winter and spring

INTRODUCTION rains. In some areas of the Central Valley, high
spring flows from the rivers and creeks saturate
soils. Seasonal wetlands are created when puddles

Bay-Delta seasonal wetlands include vernal pools,or small ponds form in depressions or standing
wet meadows or pastures, lands that are seasonallywater remains in low-lying grass fields after river
flooded, federal refuges, privately ownedflows recede. Although aquatic plants can
waterfowl hunting clubs,, and privateestablish in areas that are frequently flooded,
environmental refuge lands, and seasonally floodedupland plants cannot survive.
areas within a stream course or its floodplain.
Historically, seasonal wetlands occurredWet meadows are grassy areas with saturated soils
throughout the Central Valley. Vernal pools andand standing water of varying depths that remain
wet meadows are probably best described asafter winter and spring rains end. This habitat is
specialized components of terrestrial (land-based)conducive to the production of invertebrates.
habitats. The remaining seasonal wetland types areInvertebrates are the main food source of migrating
flooded for periods that are too long to support waterfowl and other birds that periodically forage
characteristic upland vegetation, in these fields. Sandhill cranes forage and roost,

and many ducks, geese, and shorebirds also
Seasonal wetlands and aquatic habitats arecommonly forage in wet meadows throughout the
important habitat areas for many species of fishvalley. During the dry seasons, many ground-
and wildlife. Loss or degradation of historicnesting birds, such as pheasants and meadowlarks,
seasonal wetlands has substantially reduced thenest in meaddw grasses. Most wet meadow habitat
habitat area available for waterfowl, shorebirds,remaining in the Central Valley, now composed
and other wildlife. The loss of seasonal aquaticalmost entirely of non-native grasses, is used as
floodplain habitat has substantially reduced refugepasture for livestock.
habitat for fish and spawning habitat for the
Sacramento splittail. Loss of vernal pools
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Vernal pools are often referred to as hog wallows¯ modification of natural geomorphology such
or ponds. These pools are common in grasslands as ground leveling for agriculture and
in northern Central Valley where the natural development,
geomorphology remains relatively unchanged.
Many State- and federally listed plants (includinḡ adverse effects of overgrazing,
vernal pool plants), invertebrates, and wildlife,
including the western spadefoot toad, Californiā contamination from herbicides,
tiger .salamander, and various fairy shrimp, are
native to or associated with vernal pools. In̄ establishment of non-native species that have
addition, a variety of birds, including migrating an adverse effect on native wetland plants and
waterfowl, shorebirds, and ground-nesting birds wildlife,
such as meadowlarks, commonly use seasonal
wetlands habitat. ¯ flood control and water supply infrastructure

that reduces overbank flooding and floodplain
Seasonal wetlands play a vital role in the natural size, and
succession of plant communities. Seasonal
wetlands that maintain surface water for lonḡ reduction of the natural underground water
periods may support cattails, bulrushes, and table that supported wetlands.
sedges. Historically, these emergent plant species
were probably prevalent along natural streamExisting wetland regulations have been in effect
courses where long-standing water reduced thefor several years in an attempt to prevent the
ability of upland species to establish. These typesfurther loss of wetlands. The protected status of
of wetlands provide the essential building blockswetlands ha~ resulted in an extensive permitting
for the future establishment of riparianprocess for construction in wetland areas.
(streambank) scrub and eventually riparianMitigation measures have been developed to offset
woodland. Beyond the normal river flows, loss of existing wetlands as a result of construction
wetlands probably formed where rains and high activities. These efforts have slowed the rate of
flows left areas too wet for terrestrial plants towetland loss in many areas. Large-scale efforts in
establish. These wetland areas provided high-areas such as the Suisun Marsh, Grasslands
quality habitat for waterfowl, other migratoryResource Conservation District, Yolo Bypass, and
birds, shorebirds, red-legged frogs, giant garterButte Sink have been successful in maintaining
snakes, tricolored blackbirds, and many otherand restoring seasonal wetlands.
wildlife species.

The continued existence of these seasonal wetland VISION
types is closely linked to overall ecosystem
integrity and health. Although many species that

The Vision for seasonal wetlands is to improve theuse seasonalwetlands are migratory (e.g.,
waterfowl and sandhill cranes), many others have
evolved (e.g., spadefoot toad, fairy shrimp, and

quality of seasonal wetlands by restoring
ecosystem processes that sustain them and reduce

many specialized plants) and adapted to seasonalthe effect of stressors that can degrade the quality
wetlands, of seasonal wetlands in order to assist in the

recovery of special-status plant and animalThe extent and quality of seasonal wetlands haspopulations and provide high-quality habitat for
declined because of cumulative effects of many

waterfowl, water birds, and other wildlifefactors, including: dependent on the Bay-Delta.

I
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Restoration of seasonal wetlands will focus on̄ Woodbridge Ecological Reserve,
protecting and improving important existing
wetlands, reestablishing vernal pools within and̄ Yolo County Habitat Conservation Plan,
adjacent to existing ecological reserves, and
restoring seasonal wetlands in the Sacramento-San̄ and Central Valley Habitat Joint Venture.
Joaquin Delta and Suisun Marsh/North San
Francisco Bay Ecological Zones. Seasonal
wetland restoration will be coordinated with LINKAGE WITH OTHER
restoration of other habitats, including shallow-
water and riparian woodland and scrub. ECOSYSTEM ELEMENTS
Restoration would include reestablishment of the
full diversity of seasonal wetland plant associations
to ensure that the habitat needs of special-statusSeasonal wetlands are linked to other ecosystem
and other species that are dependent on specificelements in the ERPP Study Area. Seasonal
vegetation associations are met. wetlands include wet meadows or seasonally

flooded pastures, vernal pools, and federal, State,
and privately owned refuges and hunting clubs.

INTEGRATION WITttOTI-IER This habitat supports many species and
communities of wildlife and plants.

RESTORATION PROGRAMS
The health and extent of seasonal wetlands is
adversely influenced by land use, herbicide

Efforts to restore seasonal wetlands would involveapplication, proliferation of non-native plant
species, flood control practices, and lowering ofcooperation with other restoration programs,

including:                                       ground water tables.

¯ Upper Sacramento River Fisheriesand
Riparian Habitat Council, IMPLEMENTATION OBJECTIVE~

¯ Suisun Marsh Protection Plan, . TARGETS~ AND PROGRAMMATIC
ACTIONS

¯ California Department of Fish and Game
wildlife areas,

The implementation objectives for seasonal
U.S. Fish and Wildlife Service refuges, wetland habitat are to restore and manage this

habitat type in the Delta to help restore and
¯ Jepson Prairie Preserve, maintain the ecological health of the aquatic

resources in and dependent on the Delta: restore
¯ Ducks Unlimited Valley Care Program, foodweb and floodplain processes; reduce the

’effects of contaminants and water management on
¯ California Waterfowl Association, the Delta’s aquatic resources; and provide high-

quality foraging and resting habitat for wintering
¯ Cache Creek Corridor Restoration Plan, waterfowl, greater sandhill cranes, and migratory

and wintering shorebirds.
¯ The Nature Conservancy,

The general target for seasonal wetland habitat is
¯ Putah Creek South Fork Preserve, to restore 59,000 to 89,000 acres in the

Sacramento-San Joaquin Delta Ecological Zone
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and 7,000 acres in the Suisun Marsh/North San̄ set back or breach levees and dikes to create
Francisco Bay Ecological Zone. the hydrologic conditions necessary for

establishing seasonal wetland vegetation.
The following actions would help protect and
restore seasonal wetlands: Restoration of stream meander belts and the

process of overbank flooding along major Bay-
¯ implement existing restoration plans; Delta tributaries proposed in the ERPP in other

ecological zones will also create the conditions
¯ expand State and federal wildlife areas tonecessary for the natural reestablishment of

create additional wetland complexes; seasonal wetlands elsewhere in the Central Valley.

¯ improve management of existing wetlands and
restore seasonal wetlands on private lands; and

¯ reconnect channelized streams and rivers with
their historic floodplains.

The following actions would help implement
protection restorationand strategies:

¯ establish cooperative efforts between
government and private agencies to coordinate
the efficiency of implementing existing
restoration strategies and plans;

¯ develop and implement alternative land use
practices that will protect grasslands
containing vemal pools and wet meadows and
allow existing, compatible land uses, such as
.gazing, to continue;

¯ develop and implement alternative lahd
management practices on public lands to
improve seasonal wetland habitat quality or
promote habitat recovery, and provide
incentives to private landowners to implement
desirable land use practices;

¯ establish additional incentive programs to
encourage landowners to establish and
maintain seasonal wetlands;

¯ protect existing habitat areas from potential
future degradation through acquisition of
conservation easements or purchase from
willing sellers; and
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!
RIPARIAN AND RIVERINE AQUATIC HABITATS

Natural stream channel meanders (often termed
"meander belts") provide healthy, high-quality
riparian and riverine aquatic habitats.
Channelizing rivers (e.g., constructing levees),
Protecting banks ’(e.g., adding riprap), and channel
dredging hinder natural stream meander and
natural river channel morphology.

Natural sources of gravel and other sediments
along dyers and floodplains provide materials
needed to create and sustain healthy riparian and
riverine aquatic habitats. Where improvement to
physical processes do not adequately restore
riparian and riverine habitats, direct modification
may be necessary to restore habitats to their target

INTRODUCTION acreage and quality.

A major increase in floodplain riparian habitat will
contribute sediment and nutrient to the rivers andHabitatsassociatedwith shorelinesof rivers and

the Delta include riparian and shaded fivefine estuaries. It will also improve the foodweb, and

aquatic habitat. Riparian vegetation includes provide critical habitat for threatened and
endangered terrestrial wildlife species, such as thescrub, woodland, and forest habitats that support a yellow-billed cuckoo and Swainson’s hawk. Moregreat diversity of wildlife species. Riverine aquatic "
extensive and continuous riparian forest canopy onhabitat shaded by riparian vegetation, is important

habitat for many species of fish, waterfowl, and the banks of estuaries and rivers will stabilize

wildlife, channels; help to shape submerged aquatic habitat
structure; benefit the aquatic environment by

Major factors that limit these habitats’ contribution contributing shade, overhead canopy, and instream

to the health of the Bay-Delta include historic cover for fish; and reduce river water temperature.
More extensive and continuous shorelineriparian vegetation loss or degradation and near- vegetation associated with woody debris (branchesshore aquatic habitat alteration from

channelization, stabilization of channel banks with and root wads) and leaf and insect drop in shallow

riprap, construction of lev.ees, and control of flows, aquatic habitats will increase the survival and
health of juvenile salmonids, resident Delta native
fishes,and AchievingRestoring riparian and riverine aquatic habitats will resident fishes.

involve reactivating or improving natural physical this objective will also greatly enhance the scenic

processes. Natural streamflows, stream meanders, quality and recreational experience of our Delta

and sediment transport create and sustain these and riverine waterways.

habitats and increase the complexity and structural
diversity of the habitat. ~ Natural streamflow
patterns help sculpt healthy riparian and riverine RESOURCE DESCRIPTION
aquatic habitats. High winter and spring flows
trigger seed dispersal and germination, move
sediment, stimulate stream meander, and flood and Riparian habitats include the trees, shrubs, vines,
scour riparian and fiverine habitat, herba(eous undergrowth, and organic material and
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snags along estuaries. -These habitat elementszones provide spawning substrate, rearing and
combine to create the complex variety of speciesescape cover, feeding sites, and refuge from
mixes, age classes, and distribution patternsturbulent stormflows for fish and other aquatic
common to shoreline vegetation. The landformsorganisms.
and changing fluvial streamflow patterns processes
that create and interact with riparian vegetation areThe condition of riverine aquatic and nearshore
also an important but often overlooked part of thehabitats is not well documented for most of Central
habitat. Valley and Delta estuaries, rivers, and streams.

The condition of these habitats has been degraded
Historically, the Central Valley. floor hadby channel straightening; channel incising; channel
approximately 922,000 acres of riparian vegetationdredging and clearing; instream gravel mining;
(Katibah 1984) supported by a watershed of more riparian zone grazing; flow modifications; removal
than 40,000 square miles. Today, approximatelyand fragmentation of shoreline riparian vegetation;
100,000 acres of riparian forest remain. About and the loss of sediment, bedload, and woody
half of this riparian habitat is in a highly degradeddebris from watershedsources upstream of dams.
condition, representing a decline of 90% (Katibah
1984). The Sacramento River once supportedRiparian and riverine aquatic habitats are created
500,000 acres of riparian forest; it now supports and sustained by natural fluvial processes
10,000-15,000 acres, or just 2-3% of historic levels associated with dynamics arerivers. Fluvial
(McGill 1979, 1987). From about 1850 to the turn affected by the presence and pattern of riparian
of the century, most of the forest was destroyed forvegetation. Vegetation patterns define and
fuel result of the Gold Rush and river contribute to riparian and riverine aquaticas a
navigation, and by large-scale agricultural clearing,ecosystem structure and functions.

Additional clearing in early and mid !900S In general, riparian and riverineaquatic habitats
coincided with the aftermath of flood controlare healthiest where ecosystem processesare in the
reservoir and levee projects. These projectsmost unaffected natural state. These sites are also
allowed ongoing clearing of floodplain riparianthe most resilient to human and natural
stands for orchards, crops, flood bypasses, leveedisturbance. Ecosystem processes that are integral
construction, and urban areas. Similar patternscomponents of riparian and riverine aquatic
occurred along the San Joaquin River, which washabitats are described in greater detail in the
also greatly affected when major portions of theecosystem restoration visions for stream meander
river were dried up following construction ofcorridors, floodplains, natural geomorphology and
Friant Dam and other large reservoirs in the Sansediment supply.
Joaquin Basin. Resulting major changes in river
flow conditions and sediment deposits triggeredSediment transport, deposition, and scour support,
channel instability, and downcutting of rivers andsuccession, and regeneration of riparian vegetation.
streams that caused additional riparian and fivefineThese secondary processes require frequent high
habitat loss and fragmentation, flow events inwinter and spring. These frequent

high flows redistribute sediment and bedload.
Rivefine habitats the After is established sedimentaquatic comprise relatively new vegetation on
shallow submerged and seasonally flooded areas inbars and freshly deposited floodplains, the primary
estuary and river channel beds. Channel bedsphysical factors that sustain riparian vegetation are
contain gravel beds, bars, and riffles; transieritadequate streamflow, winter inundation of the
sandy shoals; waterlogged woody debris piles; andfloodplain, and shallow groundwater during the
the shaded riverine aquatic habitat zone. Thedry season.
shaded riverine aquatic habitat is located where the
fiver meets the riparian canopy. Rivefine aquatic
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Sediment transport and deposition, are also the [] removal, burning, and fragmentation of mature
processes that create and replenish rivefine aquatic riparian vegetation; and
habitats. A high-quality aquatic habitat requires a
continuous supply of sediment. Riverflows must [] loss of sediment and bedload from watershed
periodically be high enough and of sufficient sources upstream of dams.
duration to move streambed materials.

Other stressors increasing in importance and
Sediment deposits are shaped, in part, by riparian magnitude include:
vegetation. Riparian vegetatioli resists .flow and
causes fine sediment to aggrade within the dense [] displacement by invasive non-native trees and
stems. Riparian vegetation also redirects flows and shrubs (e.g., tamarisk and giant reed),
causes the channel .water to scour, the bed.
Scouring action forms pools, fifties, and bar [] new expansion of orchards and vineyards into
patterns. Away from high-energy estuary the riparian floodplain;
channels, tidal mudflats form in broad, low-
velocity areas when shoals of organic-rich fines are [] human-set fires along river parkways,
deposited.

[] unusually high summer stage in rivers that
Riparian vegetation serves many important supply increasing demand for downstream
ecological functions. Riparian vegetation absorbs water diversions,
nutrients and produces primary (plant) and
secondary (invertebrate) biomass at very high rates. [] groundwater, lowered below the root zone, and
This biomass feeds numerous fish and wildlife
species. Birds and small mammals nest and take [] expanded clearing of channel vegetation in
cover in the protective canopy foliage of trees, response to recent flood events that called into
Trees also shade and cool floodplains and question the capacity oflevee-confined rivers
channels. Channel velocities are slowed by and streams.
riparian foliage, allowing sediment to settle and
create new landforms. Riparian foliage also Most stressors have an indirect but lasting effect on
stabilizes channels and banks, thereby rendering the physical structure and postdisturbance recovery
the characteristic geomorphology of estuaries, of streambed habitat. Collectively, these stressors
fivers, and streams, have substantially reduced the quality and

resilience of fivefine aquatic habitats, thereby
Primary stressors affecting riparianhabitats diminishing their effectiveness in providing for the
include: life cycle requirements of fishes of the Delta and

Sacramento and San Joaquin Rivers and their
[] channel straightening and clearing; tributaries.

[] levee construction and bank hardening to VISION
protect bridge abutments and diversion
structures (e.g., with riprap);

The vision for riparian and fivefine aquatic habitats[] ins¯ream gravel mining and riparian zone is to protect and increase their area and quality.
grazing; Achieving this vision will assist in the recovery of

special-status fish and wildlife populations and
[] flow modifications affecting sediment provide high-quality habitat for other fish and

transport and spring germination; wildlife dependent on the Bay-Delta. The vision
includes restoring native riparian communities
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ranging from valley oak woodland associated with INTEGRATION WITH OTHER
higher, less frequently inundated floodplain
elevations to willow scrub associated with low, RESTORATION PROGRAMS
frequently inundated floodplain elevation sites
such as streambanks, point bars, and inchannel
bars. Efforts to achieve the vision for riparian and

riverine, aquatic habitats may involve coordination
The simple preservation of remaining naturalwith other programs. These include:
riparian areas and riverine aquatic zones will not
ensure the diversity,, and resilience of these[] U.S. Army Corps of Engineers’ proposed
habitats. Preservation alone is not adequate reevaluation of the Sacramento River flood
because of the scarcity, degradation, and control project and ongoing bank protection
fragmentation of existing river and estuary project, including more comprehensive
systems. Most riparian restoration projects in the floodplain management and river ecosystem
Central Valley have been implemented on a restoration opportunities;
relatively small scale, primarily as mitigation for
project impacts or infill of existing protected¯ SB1086 Advisory Council efforts and river
preserves. The National Research Council (1992) corridor management plan for the Sacramento
has recommencted a national strategy for restoring River;
rivers and aquatic ecosystems through integrated
restoration of large landscape units. " the San Joaquin River Parkway and

Management plans;
If the floodplain, meander width, sediment supply,
and natural spring flows are in place, the river will̄ proposed riparian habitat restoration and
respond by creating natural landforms. These floodplain management and riparian
landforms will support self-sustaining vegetation restoration studies for the San Joaquin River,
communities and streambed habitats. Even partial including potential new flood bypass systems
restoration or simulation of natural physical and expanded river floodplains on lands
processes and floodplains will amplify ecosystem recently acquired by State and federal agencies
characteristics and resultant habitat quality. Rivers and land trusts;
and Delta estuaries where natural fluvial processes
and landforms are relatively intact need to bē ongoing Sacramento Valley conservation
identified and highlighted as potential reserves of planning by The Nature Conservancy and
riparian and riverine habitat. Complete restoration other private nonprofit conservation
on many segments may be limited by unalterable organizations;
levee confinement and bridge crossings.

¯ expansion plans and conservation easements
Restoring riparian and riverine aquatic habitat underway for the Sacramento River National
depends on recovery or simulation, of natural Wildlife Refuge and California Department of
fluvial processes and landforrns. Revegetating and Fish and Game’s Sacramento River Wildlife
artificially altering stream Management Area;channelswill be
considered only where overwhelming limitations
prevent natural recovery of these physical̄ ongoing coordinationeffortsandprogramsof
processes and ecosystem functions, the Wildlife Conservation Board, including the

Riparian Habitat Joint Venture;

[] all county-sponsored instream mining and
reclamation ordinances and river and stream
management plans;
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¯ and the California Department of Conservation Corridors along most of the streams and rivers
reclamation planning assistance programsthroughout the ERPP Study Area.
under the Surface Mining and Reclamation
Act. Recovery and simulation of natural fluvial

processes and landforms will be accomplished
using the following integrated steps!

LINKAGE WITH OTHER ¯ locating setback levees to expand potential
ECOSYSTEM ELEMENTS riparian floodplain;

¯ expanding the storage, detention, and bypass
Riparian and riverine aquatic habitats are closely capacity of the Sacramento and San Joaquin
linked to the ecological health of many ERPP River flood control project to allow natural
Ecological Zones and Units. This type of habitat expansion of riparian vegetation within levees
is important to many fish, wildlife, and plants and the Sutter and Yolo Bypasses; and
species and communities. It is adversely affected
by many stressors that include levee construction,̄ designating, acquiring title or easements for,
gravel mining, flow patterns, fragmentation of and deliberately managing river corridor
existing stands of riparian vegetation, competition meander zones on appropriate rivers and
and displacement by non-native plant species, land stream throughout the Central Valley.
use and conversions, fires, lowered groundwater
levels, and removal to increase flood controlThe following actions would restore or enhance
channel capacity, sediment supply to rivers and streams:

¯ reduce bank hardening by creating meander

IMPLEMENTATION OBJECTIVE~ zones and widening floodplains;

TARGETS~ AND PROGRAMMATIC ¯ analyze alternative approaches for water
ACTIONS diversions and associated intake and screening

facilities on the mainstem river to avoid
hardening the bank in some sections of the’The implementation objective for riparian and river;

riverine aquatic habitats is to restore riparian scrub,
woodland, and forest habitat along largelȳ remove small, nonessential dams on gravel-

banks of Delta island rich streams;nonvegetated,riprapped
levees, the Sacramento and San Joaquin Rivers,
and their major tributaries. Restored riparian̄ eliminate mining in streams and on low

habitat would provide shaded riverine aquatic floodplains near channels; and

cover for fish species, associated special-status
plant and animal species, and other wildlife. ¯ widen bridges to broaden out-of-bank flow and

eliminate the need to riprap vulnerable bridge

General restoration targets for riparian and riverine abutments.

aquatic habitat include acquisition of easements or
in-fee title to 16,000 to 24,000 acres of riparian ¯ breach or remove nonessential levees

lands in the stream meander zone along the restricting former tidelands [that] would

Sacramento River between Red Bluff and Colusa capture sediment needed to create tidal

and the acquisition or protection of riparian mudflats and estuary landforms.
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These measures will significantly increase the locust, and other invasive non-native plants
extent and distribution of shallow-water and degrading habitat quality and native flora.
nearshore habitats. These habitats are productive
generators of the Delta foodweb and provideOpportunities for reducing stressors affecting
essential new rearing habitat for juvenile Delta andriverine aquatic habitat include:
anadromous fish. Where Delta land elevations are
suitable, levee systems can be set back or altered tō phasing out instream gravel mining (especially
allow out-of-bank shallow flooding during high downstream of dams and on streams that
flood stage. Floodplain inundation will also support salmon and steelhead spawning);
provide additional flood storage and moderation of
peak flows to decrease the risk of flooding¯ designating and acquiring "stream erosion
elsewhere in the Delta. Foodweb support, zones" to reduce the use of bank riprap and
spawning and rearing habitat for native fish (e.g., allow natural meander patterns;
splittail), would be further enhanced by altering
levees.                                          ¯ designing slope protection measures that allow

shoreline riparian vegetation to be established
Opportunities for reducing riparian habitat within levees;
stressors include:

¯ phasing out or reducing livestock grazing in
¯ phasing out instream gravel mining; riparian and aquatic zones (especially on

tributary streams that support salmon and
¯ and "stream erosion steelhead anddesignating acquiring spawning);

zones" to reduce the use of bank riprap and
allow greater natural recolonization; ¯ identifying levee-confined channels and banks

where routine channel cleating and grading
¯ designing biotechnical slope protection can be safely discontinued.

measures that allow riparian vegetation to be
established withinlevees; Reservoir operations will be evaluated to

determine whether winter and spring releases can
¯ phasing out or reducing livestock grazing inbe augmented with flood simulation spikes every

riparian zones; 1-10 years. Simulated flood spikes would mobilize
bed and bank deposits to redistribute, sort, and

¯ establishing conservation easements forclean spawning gravels and scour deep pools
purchase of land or using other incentives tobetween fifties.
reduce or eliminate cropland conversion of
riparian forest; Restoring riparian and riverine aquatic habitat

should be accomplished by eliminating the
¯ eliminating or modifying programs whichstressors and recovering or simulating the physical

remove large woody debris from stream processes and fluvial landforms described above.
channels and rivers; Habitat restored in this way will be more resilient

to future disturbances; require little or no long-term
¯ identifying levee-confinedchannels and banksmaintenance; be self-sustaining; and be more

where routine vegetation removal by localcompatible with flood control requirements.
reclamation districts becan safely
discontinued; and                              However, habitat fragmentation and severe

limitations of the physical environment will not
¯ establishing weed control programs toallow ecosystem processes and functions to fully

suppress the expansion of tamarisk, giant reed,recover on many segments of valley streams and
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Delta estuaxies. In these situations, some large-
scale stream channel sculpting, gravel additions,
and riparian replanting may be necessary. For
example, the lower Sacramento River has
abandoned river floodplains and sediment is in
short supply. Naturally reactivating these habitats
would be nearly impossible. Restoring these
habitats would require human intervention.
Revegetation projects should be contemplated only
where native trees and grasses may no longer
gern3i. "nate naturally but have a high probability of
unaided survival and vigorous growth following 1-
5 years of artificial irrigation.
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INLAND DUNE SCRUB HABITAT

small isolated dunes on the eastern edge of the
Delta.

Remaining habitat areas are being protected.
Recent land-use changes help this habitat support
several special-status plant and wildlife species.
Most protected inland dune scrub is located within
the Antioch Dunes National Wildlife Refuge and
Brannan Island State Park. Most of the inland
dune scrub habitat outside these two areas are
~ protected to variousdegrees.

INTRODUCTION Two special-status plant species, the Antioch
Dunes evening primrose and the Antioch Dunes
wallflower, are found with inland dune scmb. The

Inland dune scrub is associated with inland sand
Lange’s metalmark, a butterfly listed as

dunes and is limited in the ERPP focus area to the
endangered under the federal Endangered Species

vicinity of the Antioch Dunes National Wildlife
Act (ESA), is known only from the Antioch

Refuge. This habitat ar~a supports two plant andDunes, where it feeds on naked buckwheat. The
low nutrient conditions of the soils and naturalone butterfly species listed as endangered under

the federal Endangered Species Act. Major factors
instability of dune sands limit the amount of

that limit this resource’s contribution to the healthvegetation that establishes on the inland dunes.

of the Delta are related to adverse effects of sand
The dunes represent a localized habitat that does
not support other types of upland vegetation.

mining, dune conversion to other land uses, dune
stabilization, and land use practices that maintainAs in other dune ecosystems, such as coastal dunes
the dominance of non-native plants, and desert sand dunes, wind is the major process

that shapes dunes and dune structures. The
presence of the wind-modified, river-deposited

RESOURCE DESCRIPTION sands, in combination with the Delta wind patterns,
maintain a natural disturbance threshold that favors
the establishment of the plant species that are

Historic dunes within the Sacramento-San Joaquincharacteristic of dunes and ~prevents the
Delta Ecological Zone may have covered 15,560 establishment of species less tolerant of these
acres, based on soil surveys, including 8,510 acresconditions.
of Delhi series, 5,810 acres of Piper series in
Contra Costa County, and 1,300 acres of TinninDirect and indirect disturbances are reducing the
series in Sacramento County. The Delhi series wasextent and health of inland dune scrub habitat and
a large area of dunes in the Antioch-Oakley area,its associated plants and animals. Sand mining
of which the Antioch Dunes National Wildlife directly removes habitat. Urban development has
Refuge a tiny remnant. Piper were onto historical changedis The series moved dunehabitatand
small areas of remnant dunes within the organicwind-flow patterns. Excessive foot traffic, off road
soils of the Delta marshes, remnants of larger areasvehicle traffic, and grazing disturb dune surfaces,
of dunes that existed prior to the rise in sea level atwhich makes dunes more susceptible to erosion.
the end of the last ice age. The Tinnin series wereApplication of herbicides, pesticides, and
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fertilizers change ecological processes that mayevaluations would determine how habitat would be
encourage or support non-native - species,protected and restored.
Structures or activities that reduce or accelerate
winds, wind-disturbances, or barriers to wind-
driven sand movement, disrupt the processes that . INTEGRATION WITH OTHER
sustain dunes. Wind patterns blow river-deposited
sand into shifting dunes..Shifting sand offers little RESTORATION PROGRAMS
stability for establishing plant root systems. Plant
species characteristic of dunes survive within a
disturbance threshold. Direct disturbances inhibit.Efforts to restore inland dune habitats will involve
the ability of dune-associated plants to establishcooperation, with programs managed by the
and result in loss of plant vigor or mortality. SandAntioch Dunes National Wildlife Refuge.
movement barriers create conditions unfavorableCooperation from agencies with responsibility or
for establishing native dune vegetation. Theseauthority for restoring inland dune habitat will be
types of disturbances create site conditions,solicited. These include:
conducive to establishing invasive weedy plants.
Non-native weeds compete with native dune plants̄ California Department of Fish and Game,
and reduce overall habitat quality. Continued
disturbance of potentially restorable adjacent̄ U.S. Fish and Wildlife Service,
habitat could interfere with protecting and
restoring additional areas of high-quality habitat bȳ U.S. Army Corps of Engineers,
affecting dune structure and destroying buckwheat,
Antioch evening primrose, and Antioch Dunes̄ and the Delta Protection Commission,
wallflower plants.

LINKAGE WITH OTHER
VISION ECOSYSTEM ELEMENTS

The vision for inland dune scrub habitat is toInland dune scrub habitat is limited to the area near
protect and enhance existing areas and restorethe Antioch Dunes Ecological Reserve, Brannan
former habitat areas. Achieving this vision willIsland State Park and a few other localities. This
provide high-quality habitat for associated special-type of habitat is important for two plant and one
status plant and animal populations, butterfly species listed as endangered under the

federal Endangered Species Act.
Restoration of inland dune scrub would focus on
protecting and improving important existingIt is adversely affected by human caused actions
habitat areas. Historic inland dunes adjacent tothat contribute to erosion and spread of non-native
existing ecological reserves in the Sacramento-Sanspecies. One important linkage in maintaining this
Joaquin Delta Ecological Zone would behabitat is maintenance of river flows which deposit
reestablished. Protecting and restoring inland dunesediments including sand which feed the dune
scrub habitat would begin by identifying areas thatformation process.
are not currently managed for their resource values.
Appropriate methods to prdtect and restore
identified areas would be developed. Protected
habitat areas would be evaluated to determine
effective restoration management practices to
increase habitat value. The results of these

Volume 1: Ecosystem Restoration Program Plan []
BAY-D~TA Vision for Inland Dune Scrub Habitat

~ p1~O~,l                                                                                                Drafz: March 1998

114

i m006377
C-006377



IMPLEMENTATION OBJECTIVE, protection and restoration programs, establishing~ cooperative agreements with land management
TARGETS, AND PROGRAMMATIC agencies, and establishing conservation easements

ACTIONS or purchasing land from willing sellers.

The implementation objective for inland dune
scrub habitat is to improve low- to moderate-

Delta inland dune habitatquality to support
special-status plant and animal species and other
associated wildlife populations.

General restoration targets for inland dune scrub
habitat are directed at protecting and restoring 50
to 100 acres of low- to moderate-quality Antioch
inland dune scrub habitat within or adjacent to
existing ecological preserves in the Central and
West Delta Ecological Unit.

Managing protected areas could include reducing
disturbance of dunes and dune vegetation. This
could be accomplished by reducing vehicle and
pedestrian access to dune areas. Protective
structures, such as small boardwalks could be built.
These actions would reduce habitat disturbance
while maintaining recreational access. The
following actions would help restore inland dunes:

¯ remove barriers to wind-driven sand-dune
movement to increasd the area that would be
available for natural expansion of the sand-
dune base;

¯ import sands from areas being developed or
clean sand dredged from Bay-Delta channels
to increase restoration potential and dune area;

¯ control non-native weeds to :recreate
conditions suitable to reestablishing native
dune plants; and

¯ reduce the use of herbicides, pesticides, and
fertilizers that adversely effect native dune
vegetation and animals.

Dune habitat protection and restoration strategies
could be implemented through cooperative efforts
with existing ecological reserves. Restoration
efforts should focus on implementing existing
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PERENNIAL GRASSLAND

also provides an extremely valuable transition zone
and support area for adjacent habitats.

Perennial grasslands and associated vernal pools
¯ historically were present at drier, higher elevations
in the Delta. Grasslands developed adjacent to

~ wetland and riparian habitats/hat occupied wetter,
lower elevation. Much of the perennial grasslands
have been converted for other uses. Most
remaining grasslands are now dominated by non-
native annual grasses. Annual grasses out
competed, and replaced perennial bunch grasses

INTRODUCTION over most of the Central Valley.

Extent and health of perennial grasslands in the

Perennial grasslands provide important breeding
Bay-Delta estuary are declining. Large areas of

and foraging habitat areas for many wildlifehistoric perennial grassland has been converted for

species and support several special-status plantagriculture, urban, and industrial uses. Remaining

species. Perennial grassland was historicallygrasslands have been invaded bynon-native annul

common throughout the Central Valley. Most.grass. Many of the annual grass species out-

perennial grassland has been lost or converted intocompete native grasses. Fire-resistant, non-native

annual grassland. Major factors that limit thisspecies have been given an additional competitive

resource’s contribution to the health of the Bay-edge from current fire suppressiontechniques. For

Delta are related ’ to the adverse effects ofexample, native bunch grasses are fire resistant and

grasslands conversion for agricultural, urban, andadapted to relatively frequent fires because their
perennating buds are near the ground and protectedindustrialuses,andcontinuinglandusepractices
by the rest of the plant. Present fire suppressionthat maintain non-native annual grasses dominance
activities may favor non-native annuals which,in historic perennial grassland habitat,
because of infrequent catastrophic fires, destroy the
bunch grasses when very hot fires burn the thatch
which has built up over time. Fires promote plant

RESOURCE DESCRIPTION succession and have aided in the intrusion of non-
native fire-tolerant plants; and continuation of land
use practices that maintain the dominance of non-

Perennial grassland provides habitat for many plantnative annual grasses.
and wildlife populations and are important for
maintenance of vernal pools and their associated
plant and animal species. VISION
In addition to supporting vernal pools, perennial
grasslands provide valuable habitat for many
wildlife species. Common grassland speciesThe vision for perennial grassland is to protect and

include deer, San Joaquin kit fox, ground squirrels,improve existing perennial grasslands and increase

kangaroo rats, and blunt-nosed leopard lizards, andgrassland area. This vision is a component of

nesting waterfowl. Where grassland still occurs, itrestoring wetland and riparian habitats. Achieving
this vision will provide high-quality habitat for
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special-status plant and wildlife populations and̄ Grizzly Slough Wildlife Area,
other wildlife dependent on the Bay-Delta.

¯ Jepson Prairie Preserve,
Restoration of perennial grassland would focus on
reestablishing historic grasslands and protectinḡ Putah Creek South Fork Preserve,
and improving important existing grassland areas
in the Sacramento-San Joaquin Delta, Suisun̄ Stone Lakes National Wildlife Refuge,
Marsh/North San Francisco Bay, and Yolo Basin
Ecological Zones. Grasslands would be restored as̄ and Woodbridge Ecological Reserve.
a component of wetland and riparian habitat
restoration. Combining these restoration effortsRestoring perennial grassland is also an objective
increases overall habitat value for species thatoftheCache Creek CorridorRestoration Plan and
require multiple habitats. The proximity of habitatsYolo County Habitat Conservation Plan.
to each other (e.g., grasslands adjacent to wetlands
provides nesting habitat for several species of
ducks and refuge habitat for small mammals LINKAGE WITH OTHER
during flooding) and provides a protecting buffer
from potential adverse effects of adjacent land ECOSYSTEM ELEMENTS
uses.

Reducing land use changes and the introduction ofPerennial grasslands are an important component
non-native will decrease the stressors of the Bay-Delta and provide habitat forspecies major ecosystem
affecting perennial grasslands and vernal pools,many plant and wildlife populations. Common
The promotion of fire as a natural method for. species dependent on perennial grasslands include
succession would aid in managing fire-sensitivedeer, San Joaquin kit fox, blunt-nosed leopard
non-native plants. Alternatives to the use oflizards, kangaroo rats and nesting waterfowl.
herbicides and other contaminants to controlGrassland also provide an important transition
vegetation should be encouraged to promote morehabitat between adjacent habitat areas. In addition,
natural revegetation, health grasslands provide contributions to flood

control function by slowing and extending storm
Increasing the quantity and quality of grasslandsevents and by reducing erosion.
habitat conditions would help increase special-
status plant and wildlife populations. HabitatThis type 6f habitat is adversely affected by land
improvements would also maintain or increaseuse, land conversion, and proliferation of non-
populations of other species that are dependent onnative plant and grass species. Control of exotic
grasslands in the estuary, plant species is a significant stressor and control

programs need to be developed for protecting and
restoring perennial grasslands.

INTEGRATION WITH OTHER
RESTORATION PROGRAMS

Protecting and restoring perennial grasslands are
objectives of agencies and organizations that
operate many protected habitat areas.These ~-
include:

¯ Cosumnes River Preserve,

~.. ~
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IMPLEMENTATION OBJECTIVE~.

TARGETS~ AND PROGRAMMATIC

ACTIONS

The implementation objective is to preserve and
restore perennial grassland habitat in conjunction
with restoration of wetland and riparian habitats in
order to provide high-quality habitat conditions for
associated special-status plant and wildlife
populations.

The general target for perennial grassland is to
protect and restore 4,000-6,000 acres in the
Sacramento-San Joaquin Delta Ecological Zone
and 1,000 acres in the Suisun Marsh/North San
Francisco Bay Ecological Zone.

Restoring, protecting, and improving grasslands
could be achieved through:

¯ purchasing land or conservation easements or
from willing landowners to protect important
existing habitat areas from potential future
degradation,

¯ establishing incentive programs to encourage
landowners to establish and maintain perennial
grasslands,

¯ implementing an intensive management
program to control non-native vegetation and
enhance native grasses and other plant species,
and

[] developing and implementing alternatives to
land management practices on public lands
that continue to degrade habitat quality or
inhibit habitat recovery.

Restoring other ecologica! processes and habitats
proposed by the Ecosystem Restoration Program
Plan (ERPP) would also create opportunities for
the managed reestablishment of grasslands
elsewhere in the Central Valley.
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AGRICULTURAL LANDS

’ " ~ ...." ~ ’ managed agricultural lands or croplands are
located on flat or slightly rolling terrain. Flat

is usually the product of extensivecropland
surveying and laser land-leveling activities. Flat
croplands provide more efficient use of water, less
soil erosion, and higher crop yields. A variety of~
fragmented habitats that support various resident
and migratory wildlife species are closely
associated with these .agricultural lands and
includes naturally occurring wetland types (creeks,

INTRODUCTION vernal pools, and gullies).

Agricultural lands being managed for certain crops
Following extensive native habitats loss in theand foll~owing certain agricultural practices create
Central Valley to agriculturalI and urban lands,wetland-like benefits for certain wildlife. These
some wildlife species have adapted to the artificiallands can provide significant habitat for some
wetland and upland environments created by somewildlife species. Crop type and cultivation
agricultural practices. Once adapted, speciespractices determine the quality of habitats. For
became dependent on these agricultural areas toexample, rice lands support millions of wintering
sustain their populations, waterfowl using the Central Valley. Lands where

wheat and corn have been harvested, particularly if
A major factor they have been shallowly ~flooded harvest,that limits this resource’s after
contribution to the health of the Bay-Delta isalso support large populations of wintering
related to adverse effects of some agriculturalwaterfowl and the State-listed greater sandhill
practices. Clean farming practices reduce thecrane.
availability and quantity of forage and fence-line.
vegetation. Converting production from crops thatMajor stressors that determine the wildlife values
provide relatively high’values for wildlife toprovided by agricultural lands include activities
relatively low-value crop types, displaces orsuch as water quantity and quality management,
insufficiently supports species that have adapted tocrop type conversion from relatively high-wildlife-
the habitat. Converting agricultural lands forvalue crops to relatively low-wildlife-value crops
urban or industrial uses, also reduces or eliminates(e.g., conversion from pastureland rowcrops to
available habitat, vineyards), the use of "clean fanning techniques",

deep postharvest discing, practices that reduce crop
and grain residue within the field, cropland

RESOURCE DESCRIPTION management with varied pesticide application, and
the timing of these activities. Implementing
appropriate land use management techniques

Agricultural lands are located throughout theaccompanied by reimbursement programs to the

Central Valley. These lands comprise manyagricultural stakeholder can reduce the adverse

different types of agricultural land uses rangingimpacts of stressors on diverse agricultural habitat.

from non-irrigated grazing land to drip-irrigated
vineyard. The type of crops grown on any
particular parcel are usually dictated by soil type, ¯
topography, and availability of water. Intensively
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throughout the ecological zones. Some of the moreVISION
notable projects are:

¯ Stones Lakes National Wildlife Refuge,The vision for agricultural lands is to improve
Cosumnes River Preserve, andassociated wildlife habitat values to support

special-status wildlife populations and other
wildlife dependent on the Bay-Delta.

¯ Yolo Bypass Wildlife Management Area.

Protecting and enhancing agricultural lands for
There are also many voluntary landowner incentive

wildlife would focus on encouraging production ofprograms that involve various agricultural habitat

crop types that provide high wildlife habitat value,improvements in the ecological zones. These

agricultural land and water management practicesinclude:

that increase wildlife habitat value, and
discouraging development of ecologically

¯ Wetland Reserve Program,

important agricultural lands for urban or industrial
Uses in the Sacramento-San Joaquin Delta and

¯ Agricultural Conservation Program,

Suisun Marsh/North San Francisco Bay Ecological¯ Water Bank Program,Zones.

¯ Partners for Wildlife,Vegetation management of agricultural lands could
provide wildlife habitat at many locations,

rice checks, irrigation ditches, lowlands,
¯ California waterfowl Habitat Program,

including
ponds, fallow lands, fence rows, and other areas
unsuitable for agricultural land use. Agricultural

¯ inland Wetland Conservation Program,

crop types that present excellent opportunities for
enhancement include rice, alfalfa and pasture,

¯ Conservation Reserve Program,

corn and grain, and certain rowcrops. Enhancing
agricultural lands adjacent to existing wildlife

¯ Agricultural-WildlifeIncentive Program

habitat areas, such as refuges, would be (CVPIA),and

particularly beneficial. The value of enhanced land
could be increased if nearby nonfarmed or fallow̄ Permanent Wetland Easement Program.

lands were managed to provide other habitats-
¯

Governmental and private agencies andrequired by wildlife that use agricultural lands, agricultural stakeholders involved in current

In some Situations, altering common managementagricultural land enhancement and management
include:practices can greatly increase wildlife habitat value

with little or no change in crop production.            ¯ California Department of Fish and Game,

INTEGRATION WITH OTHER ¯ California Department of Water Resources,

RESTORATION PROGRAMS ¯ California Department of Transportation,

¯̄ U.S.~Fish and Wildlife Service,

Numerous agricultural habitat improvement ,
projects involving a number of project proponents ¯, U.S. Bureau of Land Management,

are proposed and in various stages of development̄
U.S. Bureau of Reclamation,
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The general target for agricultural land is to
¯ U.S. Natural Resources Conservation Service, cooperatively manage 40,000-75,000 acres for
[] Ducks Unlimited agriculture and wildlife in the Sacramento-San

Joaquin Delta Ecological Zone.
¯ Valley Care (Ducks Unlimited),

" Actions that would help increase wildlife quality
¯ Central Valley Habitat Joint Venture, include:

¯ The Nature Conservancy, ¯ deferring fall tillage until later in the year can
increase the quantity of forage on cornfields

¯ resource conservation districts, for waterfowl and greater sandhill cranes,

¯ farm bureaus, ¯ shallow flooding of seasonal croplands in
fall/winter can greatly increase the availability

¯ county agricultural commissions, of forage for wintering waterfowl

¯ retaining a percentage of the unharvested crop¯ and various county land planning agencies, in the agricultural field would enhance the
value of flooding.

LINKAGE WITH OTHER Incidental benefits to agricultural stakeholders

ECOSYSTEM ELEMENTS from improving conditions for wildlife would be:

¯ groundwater recharge to aquifers used for

Agricultural lands are an important habitat for
summer irrigation,

many migratory’ wildlife species, particularly for̄ leaching salts from soils,
wintering waterfowl and the State-listed greater
sandhill crane. ¯ biological decomposition of residue,crop

Wildlife values of agricultural lands are adverselȳ reduction in soil erosion, and
affected by water quantity and quality, type of
agricultural crop produced, farming techniques,̄ create an opportunity for cash income from
and application of pesticides, hunting and increase esthetic values, both of

which may increase property values.

IMPLEMENTATION OBJECTIVE~
Protecting and enhancing agricultural lands would
be achieved through participation and cooperation

TARGETS~ AND PROGRAMMATIC with agricultural stakeholders, including farmers,
ranchers, and other landowners and lessees.ACTIONS Mechanisms to protect and enhance agricultural
lands include various multi year agreements,

The implementation objective for agriculturalconservation easements, .and purchases through
lands is to co-manage agricultural upland andspecific payment programs between resource
wetland habitat to provide wildlife forage andagencies and willing participants.
resting area habitat for wintering and migrating
waterfowl, shorebirds,and other associated
wildlife in the Delta.
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SPECIES AND SPECIES GROUP VISIONS

|
INTRODUCTION                                      Visions describe what

the     Ecosystem
Restoration Program            !

" hopes to achieve forThis section presents visions for species and
each species andspecies group ecosystem elements. Species and
species group, how thespecies groups included occur in or are dependent vision is to be achieved

on the Bay-Delta. Many of these species are through restoring
listed or proposed for listing as threatened or
endangered under the California or federal

ecological processes
and habitats and

Endangered Species Acts (ESAs), designated as a reducing the effects ofspecies of special concern by the California
stressors. . Proposed population targets andDepartment ofFish and Game (DFG), or the U.S.programmatic actions to.help achieve targets are

Fish and Wildlife Service (USFWS). Visions also included in visions. "Ecosystem Restoration
were also created for important recreational or
commercial species. Important preyorfoodweb

Program Plan, Volume II: Ecological Zone

species ~ire also included. Table 8 identifiesVisions" contains more specific objectives,
targets, and programmatic actions for each speciesimportant fish and wildlife species and species

groups and associated implementation objectives,by specific geographic zone. Table 10 identifies
!Table 9 presents the basis for selecting eachwhich ecological zone(s)in which the species are

treated in more detail.habRat type as an ecosystem element.

TABLE 8. SPECIES AND SPECIES GROUPS ECOSYSTEM ELEMENTS AND

ERPP ][MPLEMENTATION OBJECTIVES
I

Species Type Implementation Objectives

Delta Smelt ensure the recovery of this species, which is State- and federally listed
as threatened in order to contribute to overall species diversity and
reduce conflict between the need for its protection and other beneficial
uses of water in the Bay-Delta.

Longfin Smelt ensure the recovery of this species of special concern in order to
contribute to overall species diversity and reduce conflict between the I
need for its protection and other beneficial uses of water in the Bay-
Delta.

Splittail ensure the recovery of this species, which is proposed for listing under
the federal Endangered Species Act (ESA) in order to contribute to
overall species richness and diversity and reduce conflict between the
need for its protection and other beneficial uses of water in the Bay-
Delta.
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Species Type Implementation Objectives

White and Green Sturgeon restore the distribution and abundance of the white sturgeon to historical
levels to support a sport fishery, and ensure the recovery of the green
sturgeon, a California Department offish and Game species of special
concern in order to contribute to overall species richness and diversity
and reduce conflict between the need for their protection and other
beneficial uses of ’water in the Bay-Delta.

Chinook Salmon ensure the recovery of the Sacramento winter-run chinook salmon, a
species listed as. endangered under the federal and California
Endangered Species Acts (ESAs) in order to ensure overall species
richness and and reduce conflict between the need for itsdiversity
protection and other beneficial uses of water in the Bay-Delta. The
objective is also to ensure the restoration of Sacramento fall-run, spring-
run, late-fall-run, and San Joaquin fall-run chinook salmon to support
sport and viable commercial fisheries.

Steell~ead Trout ensure the recovery of this species, which is proposed for listing under
the federal Endangered Species Act (ESA), to sufficient population size
to support inland recreational fishing and fully use existing and restored
habitat areas in order to contribute to overall species richness and
diversity and reduce conflict between the need for its protection and
other beneficial uses of water in the Bay-Delta.

Striped Bass restore its population levels to those of the 1960s to contribute to a
recreational fishery in the Bay-Delta in order to reduce conflict between
the need for its protection and other beneficial uses of water in the Bay-
Delta.

American Shad maintain naturally spawning populations that support sport fisheries
similar to fisheries that existed in the 1960s and 1970s in order to
contribute to the recreational use of the Bay-Delta.

Resident Fish Species maintain and restore the distribution and abundance of resident native
species, as blackfish, hardhead, perch,fish such Sacramento rule and

Sacramento perch, and non-native species, such as white catfish,
largemouth bass, and threadfin shad, in order to support a sport fishery
and healthy forage populations.

MarineiEstuarine Fishes andmaintain, improve, and restore populations of these species to levels that
Large Invertebrates existed in the early 1980s in order to contribute to overall species

richness and diversity and reduce conflict between the need for their
protection and other beneficial uses of water in the Bay-Delta.

Bay-Delta Aquatic Foodwebrestore the estuary’s once-productivebase of aquatic algae, organic ood
Organisms matter, microbes, ,and zooplankton.

F ~ Volum~l: Ecosystem Restoration Program Plan
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Species Type Implementation Objectives

Special Status Plant Speciesassist in their recovery, ensure the protection of habitats for existing
populations, establish new populations, and ensure the long-term
viability of the species.

Community Groups maintain habitat of existing population and ensure the long-termPlant
viability of certain plant communities.

Western Spadefoot and assist in the recovery of both species of special concern in the Bay-Delta
California Tiger Salamanderin order to contribute to overall species richness and diversity and

reduce conflict between the need for their protection and other beneficial
uses of water in the Bay-Delta.

California Red-Legged Frogassist in the recovery of this federally listed threatened species in order
to contribute to overall species richness and diversity and reduce conflict
between the need for its protection and other beneficial uses of land and
water in the Bay-Delta.

Giant Garter Snake and assist in their recovery in order to contribute to overall species richness
Western Pond Turtle and diversity and reduce conflict between the need for their protection

and other beneficial uses of land and water in the Bay-Delta.

Swainson’s Hawk assist in the recovery of this State-listed threatened species in order to
contribute to overall species richness and diversity and reduce conflict
between the need for its protection and other beneficial uses of land and
water in the Bay-Delta.

Clapper Rail assist in the recovery of this State- and federally listed endangered
species in order to contribute to overall species richness and diversity
and reduce conflict between the need for its protection and other
beneficial uses of land and water in the Bay-Delta.

California Black Rail assist in the recovery of this State- listed threatened species in order to
contribute to overall species richness and diversity and reduce conflict
between the need for its protection and other beneficial uses of land and
water in the Bay-Delta.

Greater Sandhill Crane assist in the recovery of this State-listed threatened species in order to
contribute to overall species richness and diversity and reduce conflict
between the need for its protection and other beneficial uses of land and
water in the Bay-Delta.

~Western Yellow-Billed assist in the recovery of this State-listed endangered species in order to
Cuckoo contribute to overall species richness and diversity and reduce conflict

between the need for its protection and other beneficial uses of land and
water in the Bay:Delta.

!
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Species Type Implementation Objectives

Bank Swallow assist in the recovery of this State-listed threatened species in order to
contribute to overall species richness and diversity and reduce conflict
between the need for its protection and other beneficial uses of land and
water in the Bay-Delta.

Suisun Song Sparrow assist in the recovery of this species of special concern in order to
contribute to overall species richness and diversity and reduce conflict
between the need for its protection and other beneficial uses of land and
water in the Bay-Delta.

Marsh assist in the of this State- and federally listed endangeredSalt HarvestMouse recovery
species in order to contribute to overall species diversity and reduce
conflict between the need for its protection and other beneficial uses of
land and water in the Bay-Delta.

Riparian Brush Rabbit assist in the recovery of this State-listed endangered species in the Bay-
Delta in order to contribute to overall species richness and diversity and
reduce conflict between the need for its protection and other beneficial
uses of land and water in the Bay-Delta.

Shorebird and Wading Bird maintain healthy populations in order contribute to overall species
Guild richness and diversity and reduce conflict between the need for their

protection and other beneficial uses of land and water in the Bay-Delta.

Waterfowl maintain healthy populations at levels that can support both consumptive
and nonconsumptive uses, and contribute to the overall health and
beneficial uses of the Bay-Delta.

Upland Game maintain healthy populations at levels that can support both
consumptive and nonconsumptive uses.

Neotropical Migratory Bird maintain healthy populations in order to contribute to overall species
Guild richness and diversity and reduce conflict between the need for their

protection and other beneficial uses of land and water in the Bay-Delta.

Lange’s Metalmark, Delta assist in maiiataining populations of the Lange’s metalmark, a federally
Green Ground Beetle, and listed endangered species, by increasing its abundance, and assist in the
Valley Elderberry Longhornrecovery of the delta green ground beetle and Valley elderberry-
Beetle longhorn beetle, both federally listed endangered species, by increasing

their populations and abundance in order to contribute to overall species
richness and diversity and reduce conflict between the need for their
protection and other beneficial uses of land water in the Bay-Delta.
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TABLE 9. BASIS FOR SELECTION OF SPECIES AND SPECIES GROUP ECOSYSTEM ELEMENTS

Species and
Species Groups Basis for Selection as an Ecosystem Element

Delta Smelt The delta smelt is a native estuarine resident fish that has been listed as threatened
under the California and federal Endangered Species Acts.

Longfin Smelt The longfin smelt is a native estuarine resident species and is designated as a
species of special concern by DFG and a species of concern by USFWS.

Splittail The splittail is a native resident fish that is proposed for listing under the federal
Endangered Species Act and a candidate for listing under the California Endangered
Species Act. The splittail also supports a small winter sport fishery in the lower
Sacramento River.

White Sturgeon The white sturgeon is an important native anadromous sport fish with high
recreational and ecological value.

Green Sturgeon The green sturgeon is designated as a species of special concern by DFG and a
species of concern by USFWS.

Sacramento Fall- The chinook salmon is an important native anadromous sport and commercial fish
run Chinook with important ecological Value. The fall-run race is the largest population of
Salmon chinook salmon on the Sacramento River.

Sacramento Late- The chinook salmon is an important native anadromous sport and commercial fish
fall-run Chinook with important ecological value. The late-fall-run race on the Sacramento River is
Salmon designated as a species of special concern by DFG and a species of concern by

USFWS.

Sacramento The chinook salmon is an important native anadromous sport and commercial fish
Winter-run with important ecological value. The winter-run race is listed as endangered under
Chinook Salmon the California and federal Endangered Species Acts.

Sacramento The chinook salmon is an important native anadromous sport and commercial fish
Spring-run with important ecological value. The spring-run race on the Sacramento River is
Chinook Salmon designated hs a closely monitored species by DFG and a species of concern by

USFWS.

San Joaquin Fall- The chinook salmon is an important native anadromous sport and commercial fish
run Chinook with important ecological value. The fall-run race on the San Joaquin River is
Salmon designated as a species of special concern by DFG and a species of concern by

USFWS.

Steelhead Trout The steelhead is an important native anadromous sport fish of high recreational and
ecological value that is proposed for listing under the federal Endangered Species
Act.
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Species and
Species Groups Basis for Selection as an Ecosystem Element

Striped Bass The striped bass is an important non-native anadromous sport fish with high
recreational value. It also plays an important role as a top predator in the aquatic
system.

American Shad The American shad is an important non-native anadromous sport fish with high
recreational value.

Resident Fishes Resident fish species of the Delta include n~tive and non-native species and are
important ecologically and as indicators of ecosystem health. Some native species
are important elements of the foodweb; others are important predators. Native
resident fish have been in decline as a percentage of total fish species abundance in
tributaries of the Bay-Delta!Central Valley watershed. Some non-native species are
considered beneficial as prey species for other fish or as sport fish. Other species
are considered undesirable because they compete with or are predators on native
fish. Wakasagi is a close relative to delta smelt and could threaten the delta smelt
population by interbreeding or by competing for habitat.

Marine Fishes Marine fishes include many species that are abundant and important ecologically
in the Bay and coastal waters. Two ecoiogically significant species are the Pacific
herring and northern anchovy, whose young are critical in the foodweb of important
anadromous fishes, including salmon and striped bass. The Pacific herring and
northern anchovy are also important foodweb species for wildlife that forage for fish
in the Bay-Delta (e.g., cormorants and terns).

Special-status Special-status plant species include plants associated with a wide variety of habitats
Plant Species including perennial grasslands (fragrant fritillary, recurved larkspur), tidal brackish

and freshwater marsh complexes (Mason’s lilaeopsis, Suisun Marsh aster, bristly
sedge, mad-dog skullcap, Suisun thistle, soft bird’- beak, rose-mallow, Delta tule
pea and Delta mudwort), aquatic habitat associated with shorelines of rivers and the
Delta (eel-grass pondweed), vernal pools (Colusa grass, Boggs Lake hedge-hyssop,
Contra Costs goldfields, alkali milk-vetch, dwarf downingia, Crampton’s tuctoria,
and heartscale), and inland dunes (Antioch Dunes evening primrose, Contra Costa
wallflower). Protection, enhancing, or restoring these special-status plant species
will necessarily rely on protecting, enhancing, and resto.ring the appropriate type of
habitat.

Plant Community Plant community groups include aquatic habitat plant communities (pondweeds
Groups with floating and submerged leaves), tidal brackish and freshwater marsh plant

communities (pickleweed series, saltgrass series, bulrush series, cattail series, and
common reed series), seasonal wetland plant communities (northern claypan vernal
pool communities, northern hardpan vernal pool communities, inland dune plant
communities (Antioch Dunes plant community), and tidal riparian habitat plant
communities (black willow series, narrowleaf willow series, white alder series,
buttgnbush series, Mexican elderberry series, and valley oak series).
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Species and
Species Groups Basis for Selection as an Ecosystem Element

Western The western spadefoot and California tiger salamander are amphibians designated
Spadefoot and as species of special, concern.
California Tiger
Salamander

California Red- The California red-legged frog is listed as a threatened species under the federal
legged Frog ESA.

Giant Garter The giant garter snake is listed as threatened under the California and federal ESAs.
Snake

Western Pond The western pond turtle is designated as a species of special concern and a species
Turtle of concern by DFG and USFWS, respectively.

Swainson’s Hawk The Swainson’s hawk is listed as threatened under the California ESA.

California The California clapper rail is listed as endangered under the California and federal
Clapper Rail ESAs.

California Black The California black rail is listed as threatened under the California ESA.

Greater Sandhill The greater sandhill crane is listed as a threatened species under the California ESA.
Crane

Western Yellow- The western yellow-billed cuckoo is listed as endangered under the California ESA.
billed Cuckoo

Bank Swallow The bank swallow is listed as threatened under the California ESA.

Suisun Song The Suisun song sparrow is a species of special concern.
Sparrow

Salt Marsh The salt marsh harvest mouse is listed as endangered under the California and
Harvest Mouse federal ESAs.

Riparian Brush The riparian brush rabbit is listed as endangered under the California ESA.
Rabbit

Shorebirds and Many species of shorebirds and wading birds migrate ~hrough, winter, or breed in
Wading Birds the Bay-Delta. These species are significant components of the ecosystem, are of

high interest to recreational bird watchers, and contribute to California’s economy
through sales of equipment and other bird-watching-related expenditures.

Waterfowl Many species of waterfowl migrate through, winter, or breed in the Bay-Delta.
Waterfowl are significant components of the ecosystem, are of high interest to
recreational hunters and bird watchers, and contribute to California’s economy
through the sale of hunting and related equipment.
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Species and
Species Groups Basis for Selection as an Ecosystem Element

Upland Game Upland game species are of high interest to recreational hunters in the Bay-Delta
and contribute to California’s economy through the sale of hunting-related
equipment and expenditures.

Neotropical Many species of neotropical migratory birds migrate through or breed in the Bay-
Migratory Birds Delta. These species are significant components of the ecosystem, are of high

interest to recreational bird watchers, and contribute to California’s economy
through sales of equipment and other bird-watching-related expenditures.

Lange’s The Lange’s metalmark is listed as endangered under the federal ESA.
Metalmark

Delta Green The delta green ground beetle is listed as endangered under the federal ESA.
Ground Beetle

Valley Elderberry The valley elderberry longhorn beetle listed as threatened under the federal ESA.
Longhorn Beetle
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TABLE 10. ECOLOGICAL ZONES IN WHICH PROGRAMMATIC ACTIONS ARE PROPOSED THAT
WILL ASSIST IN THE RECOVERY OF SPECIES AND SPECIES GROUPS

[Note: Refer to Volume H: EcologicalZone Visions for information regarding specific targets and actions.]

Species and Ecological Zone1
Species Group

Visions 1 2 3    4    5    6    7    8    9 10 11 12 13 14

Delta Smelt ¯ ¯

Longfin Smelt ¯ ¯

Splittail ¯ ¯ ¯ ¯ ¯ ¯ " ¯ ¯

White and Green ¯ ¯ ¯ ¯
Sturgeon

Chinook Salmon ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Steelhead Trout ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ . ¯

Stri~ed Bass ¯ ¯ ¯ ¯ ¯

American Shad ¯ ¯ ¯ ¯ ¯ ¯

Resident Fish ¯ ¯ ¯ ¯
Species

Bay-Delta
Foodweb ¯ ¯
Organisms

Marine/Estuarine
Fishes and Large ¯
Invertebrates

Special-status
Plant Species

Plant
Community
Groups

Western
Spadefoot and
California Tiger    ¯
Salamander

California Red-
Legged Frog

¯
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Species and Ecological Zone1
Species Group

Visions 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Giant Gar~er ’

¯ ¯                  ¯    ¯         ¯         ¯    ¯    ¯Snakeand
Western Pond
Turtle

Swainson’s
¯ ¯                                               ¯            ¯     ¯     ¯

Hawk

California ¯
Clapper Rail

California Black
Rail

¯ ¯

Greater Sandhill
Crane

¯

Western Yellow-
Billed Cuckoo

¯ ¯ ¯ ¯

Bank Swallow ¯

Suisun Song
Sparrow

¯

Salt Marsh
Harvest Mouse

¯

Riparian Brush
Rabbit

¯

Shorebird and
Wading Bird ¯ ¯ ¯
Guild

Waterfowl ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Upland Game ¯

Neotropical
Migratory Bird ¯ ¯ ¯ ¯
Guild
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Species and Ecological Zone1
Species Group

Visions 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Lange’s
Metalmark,
Delta Green
Ground Beetle, ¯ ¯
and Valley
Elderberry
Longhorn Beetle

1 1 = Sacramento-San Joaquin Delta 8 = Feather River/Sutter Basin
2 = Suisun Marsh/North San Francisco Bay 9 = American River Basin
3 = Sacramento River 10 = Yolo Basin
4 = North Sacramento Valley 11 = Eastside Delta Tributaries
5 = Cottonwood Creek 12 = San Joaquin River
6 Colusa Basin 13 = East San Joaquin Basin
7 = Butte Basin 14 = West San Joaquin Basin

!
!

~., ~
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DELTA SMELT

Bay-Delta foodweb (i.e, as a prey species for
species such as chinook salmon). Delta smelt’s
1-year !ife and relatively low reproductivespan
rate make its population abundance sensitive to
short-term habitat changes. As a consequence, the
population abundance of delta smelt is
characterized by sharp declines followed by
dramatic recovery. Low abundance through the
drought years (1987-1992) indicated need for
actions to restore the delta smelt population. Delta
smelt are considered environmentally sensitive

INTRODUCTION because the have a one year life cycle, unusually
low fecundity, a limited diet, and reside primarily
within the interface between salt and freshwater.

The delta smelt is a native estuarine resident fish.
Delta smelt are found mainly in the waters of theDuring the late winter to early summer, delta smelt
Sacramento-San Joaquin Delta and in Suisun andmigrate to freshwater to spawn. Females only
San Pablo Bays. They are found only in theproduce between 1,000 and 2,600 eggs which sink
Sacramento-San Joaquin Esimary. Delta smelt areto the bottom and attach to the substrate. Spawning
most abundant in Montezuma Slough, Suisun Bay,habitat includes shallow freshwiater sloughs and
and the western Delta, but beginning in Decemberedge waters with firm substrate, submerged
and continuing through perhaps June 30, migratevegetation, and woody debris. Rearing habitat
upstream and are more abundant in the Delta. Theyincludes shallow freshwater and low salinity (less
have been found as for upstream as the mouth ofthan 6-8 ppt salinity) habitats that provides a
the American River on the Sacramento River asprotective, food-rich environment. Such habitats
Mossdale on the San Joaquin River. Human-include shallow bays, tidal sloughs, shoals,
caused adverse habitat modifications reduced deltashorelines, and marsh channels.
smelt populations resulting .in its listing as
threatened under State and .federal EndangeredLand reclamations in the Bay-Delta have
Species Acts diminished the quality and quantity of shallow-

water, marsh-slough habitat. Remaining shallow-
Major factors that limit this species’ contributionwater, low-salinity habitat is further reduced in
to the health of the Delta are adverse effects of lowdry-water years because of extensive water
Delta outflow, poor foodweb productivity, reduced diversions from the Delta.
low-salinity habitat, losses to water diversions,
poor spawning habitat, and potentially higherPopulation abundance during 1993 and 1995
concentrations of toxins. (relative to abundance during the 1987-1992

drought) suggests that recovery potential may be
high, Sharp population decline during drought

RESOURCE DESCRIPTION conditions (as in 1994), however, illustrates the
potential threat of poor conditions to the species’
survival under existing habitat and stressor

Delta smelt are native to. the Sacramento-San
Joaquin Delta estuary and represent an important
component of the historic native fish fauna and

~ ~
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as striped bass, longfin smelt, and Sacramento
600

, -;~::i~::i~i::-:i. i. splittail. Habitat location is shifted upstream from
600 :!. :.-. ! ’: i i i ! " : i i ~ i i : the relatively shallow, productive bays, marshes,

!" i"’":Y7; "!’77"~7 7"!"~ ....
¯. ;.. :~:i:!;:i!:!;::          and sloughs of Suisun Bay and into the narrow,

,06 :. ;.. :. i.. i..2 -i.-~.. ~-i--:...i.~ .!.. i..i..!....i-.i...i..~., deeper, and less-productive channels of the Delta,¯~ ~ i ! : : ~. i : ~ : ! ~ ii:.

300

].i!12)1ii! .[iiii.iiii21ii!ii;ii!!!...:

TheupstreamshiftalsoincreasesexposuretoDeltavalley Project (CVP)
=00 water diversions. Water is drawn from the Delta

by hundreds of small agricultural diversions,
lo0 Central and State Water

~ Project (SWP) South Delta export pumps, and
t967 1~7o t~r~ ~ro ~~ t~= ~ t~63 t~1 Pacific Gas & Electric (PG&E) power generation

facilities. During most years, large numbers of
Abundance Data for Delta Smelt from DFG delta smelt are lost to Delta diversions.

September and October Fall Mid Water Trawl
Survey (USFWS 1996)                 Food availability, toxic substances, competition

and predation (particularly from non-native
conditions. A preliminary low abundance index inspecies), and loss of genetic integrity through
1996, a wet year, is further cause for concern. Thehybridization with the introduced Japanese pond
fall mid water trawl (FMWT) is best measure of smelt (wagasaki) also are other factors believed to
delta smelt abundance (Sweetnam and Stevensinfluence smelt abundance.
1993) as it measures the abundance of pre-
spawning adults. September and OctoberOverall, the threats to the population, in decreasing
abundances of adults were chosen as they representorder of importance, are:
the months most continuously samples during the
last 30 years, It includes cumulative data for 35̄ reduction in outflow from the Estuary,
sampling stations.

¯ entrainment to water diversions,
Delta smelt tolerate a wide range of salinity but are
most abundant in the Bay-Delta estuary, wherē extremely high outflow,
salinity is around 2 parts pe.r thousand (ppt).
Spawning occurs in freshwater in the upstream̄ changes in food organisms,
areas of the Delta. Construction of levees in the
1800s created narrow channels and eliminated vast̄ toxic substances,
areas of marshes and interconnecting sloughs.
Marshes and adjoining sloughs are very productivē disease, competition, and predation, and
and support an abundance of zooplankton, on
which delta smelt feed, and are important as̄ loss of genetic integrity byhybridization with
spawning and rearing habitat for the species, introduced wagasaki.

Reduced freshwater outflow during the late winter
and spring of dry years allows saltwater to move VISION
farther upstream in the estuary than during wet
years. This reduces the amount of low-salinity
habitat for delta smelt. The increased upstreamThe vision for delta smelt is to ensure the recovery
saltwater movement changes the location of habitatof this Stat~- and federal, ly listed threatened speciesthat meets the salinity, needs of the delta smelt,

in order to contribute to the overall speciessimilar to effects on other Delta fish species such.
richness and diversity of the Bay-Delta. Achieving
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this vision will reduce the conflict betweenprotecting and improving conditions for delta smelt
protection for this species and other beneficialand other species in the Bay and Delta.
water uses in the Bay-Delta. Increases in the
population and distribution of delta smelt can bē The Recovery Plan for the Sacramento/San
realized through habitat restoration accompanied Joaquin Delta native fishes (U.S. Fish and
by reductions in stressors. Wildlife Service 1996) would be considered in

developing actions.
Delta smelt would benefit from the many expected
improvements in ecosystem processes and habitats,̄ The Central Valley Project Improvement Act
and reductions in stressors. Improvements in will implement actions that will benefit delta
streamflow (Delta inflow and outflow) would smelt, including changing the timing of
better attract adults to spawning habitat, ensure diversions, restoring habitat, and dedicating
transport or movement of larvae and early flow during critical periods (U.S. Fish and
juveniles to productive rearing habitat, and Wildlife Service1997).
maintain productivity and suitability of spawning
and rearing habitat (including production of food).¯ Federal ESA requirements (biological opinions
Additional freshwater flow could be provided and habitat conservation plans) will ensure
reservoir releases during spring to maintain salinity maintenance of existing habitat conditions and
requirements of delta smelt in areas that are good implement recovery actions.
nurseries of delta smelt, such as Suisun Bay and
Marsh. ¯ The State Water Resources Control Board will

implement the Water Quality Control Plan for
Delta smelt would benefit from spawning and the San Francisco/Sacramento-San Joaquin
rearing habitat restoration. Habitat restoration may Delta estuary, which includes provisions to
be achieved by adding and modifying ph~,sical limit entrainment in diversions and protect
habitat and creating additional freshwater flow habitat conditions for delta smelt, chinook
during critical periods. More habitat can be salmon, striped bass, and other species.
created by breaching levees to inundate lands once
part of the Bay and Delta, setting levees back to
increase shallow-water habitat along existing LINKAGE WITH OTHER
channels, protecting existing shallow~water habitat
from erosion, and filling relatively deep water ECOSYSTEM ELEMENTS
areas with sediments to create shallow-water
habitat.

Successful restoration of delta smelt will be closely
Reducing stressors is a major component of deltatied with improving late winter and spring Delta
smelt restoration. Reducing delta smelt losses tooutflow, increasing shallow water and wetland-
diversions is of primary concern, slough habitat, improving productivitythe of the

aquatic foodweb, reducing the effects of Delta
water diversions, and reducing the level of
contaminants in Bay-Delta waters. RestorationINTEGRATION WITH OTHER
actions are similar to those prescribed for other

RESTORATION PROGRAMS native resident and anadromous fish including
longfin smelt and striped bass.

Efforts to restore delta smelt involve cooperationMaintenance of rearing habitat is extremely
and support of other established programs that areimportant for the recovery of delta smelt and other

native Delta species. Successful restoration of delta
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smelt will also be closely tied with improvinḡ Adult delta smelt captu.red in late winter and
Delta outflow that maintains the X2 location in early spring at the Delta fish facilities should
Suisun Bay for rearing delta smelt and prevents be released upstream to complete their
adverse influence of the CVP/SWP export spawning migration. Adults capturedatother
facilities in the southern Delta. times should be released downstream.

¯ Increase the amount of shallow-water habitat

IMPLEMENTATION OBJECTIVE~ in areas critical to spawning and rearing.

TARGETS~ AND PROGRAMMATIC ¯ Construct and improve fish facilities for Delta

ACTIONS diversions, including agricultural diversions
and CVP and SWP diversions, and improve
handling and salvage practices at diversions.

The implementation objective for delta smelt is to
ensure the recovery of this species, which is State-

¯ Develop and implement a program to reduce

and federally listed as threatened, in order to the ~adverse effects of introduced aquatic
species andthe potential for future

contribute to overall species richness and diversity introductions.
and reduce the conflict between the need for its
protection and other beneficial uses of water in thē ¯ Implement restoration actions identified in theBay-Delta.

Recovery Plan for the Sacramento/San Joaquin
DeltaNativeFishesRecoveryPlan.The targets for delta smelt include exceeding a fall

midwater trawl catch index of 240 in dry water-
year types and a wider distribution of delta smelt in
the trawl survey. REFERENCES

The following actions would contribute to
improving the delta smelt population: Sweetnam, D.A., and D.E. Stevens. 1993. A status

of the delta smelt (Hypomesus transpacificus)
¯ Improve Delta outflow during the late winter in California. Report to the Fish and Game

and spring to improve foodweb productivity Commission. Candidate Species Report 93-
and to disperse larvae and juveniles to DS. 98 pp.
downstream rearing habitat in Suisun Bay.

U.S. Fish and Wildlife Service. 1996. Recove~
[] Maintain Delta outflow once larvae and Plan for the Sacramento-San Joaquin Delta

juveniles have reached downstream rearing Native Fishes. U.S. Fish and Wildlife Service,
habitat to keep them beyond the "zone of Portland, OR.
influence" of the CVP/SWP and agricultural
diversions, 1997. Revised draft anadromous

fish restoration plan. U.S. Fish and Wildlife
¯ . Increase the residence time of X2 at key Service, Sacramento, CA.

locations in Suisun Bay (e.g., Roe Island,
Chipps Island, and Collinsville).

¯ Reduce adverse effects of CVP and SWP
diversions during the period when larvae,
juveniles, or adult life stages appear in the
Delta.
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LONGFIN SMELT

the Bay-Delta estuary and are also found in other
west-coast estuaries from northern California to
southern Alaska.

Adult longfin smelt migrate upstream each winter
from the Bay to spawn in freshwater portions of the
upper Bay and Delta. Spawning occurs in habitats
with hard-bottom or plant substrates such as tidal
wetlands and channels. Most spawning takes place
from late December through April. High winter and

INTRODUCTION early spring flows transport newly hatched larvae

!
Longfin smelt are small native fish that live in the
brackish waters of San Francisco Bay and the
Delta. They are an important element of the Bay-
Delta foodweb as prey for chinook salmon, striped
bass, and other predatory fish species. Because
their abundance dropped sharply during dry
periods over the past several decades, they are
designated by the California Department of Fish
and Game (DFG) and U.S. Fish and Wildlife
Service (USFWS) as a species of special concern.
Longfin smelt abundance was especially low Longfin Smelt Young Index in IEP Bay Study Trawl

during the 1987-1992 drought and showed signs of Survey

recovery only in 1995. downstream into Suisun and San Pablo Bays, where

Major factors that limit this species’ contributionthe plankton food supplyis characteristically

to the health of the Delta are related to the adverseabundant and necessary for high survival of longfin

effects of low Delta outflow and include associatedsmelt larvae and juveniles.

poor productivity, greater waterfoodweb effectsof

diversions, poorer larval transport and habitatLongfin smelt abundance has been monitored by

conditions, and potentially higher concentrations ofDFG in the Bay and Delta each fall since 1967.

toxins that may limit its survival and productionPopulation rates have fluctuated sharply, with
greatest abundance in wetter years in wet-yearduring droughts,
sequences (1967, 1969, and 1971 from 1967- 197I;
and 1980, 1982, and 1983 from 1980-1983).
Abundance has been very poor in drought periods

RESOURCE DESCRIPTION (1976-1977 and 1987-1992). Low abundance in
1993, the first wet year following the drought from
1987 to 1992, may reflect a greatly reduced

A population of longfin smelt lives within the’spawning population resulting from drought
brackish water and saltwater of northern Sanconditions. Improved abundance in 1995 indicates
Francisco Bay and migrates upstream into thethat they may be recovering from the effects of the
Delta to spawn. Longfin smelt are well-adapted todrought.

~ C.g.~3)
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A similar pattern of population abundance isAlthough larvae losses to south Delta Central Valley
evident since 1980 in DFG’s Bay trawling surveyProject and State Water Project pumping plants are
and the University of California, Davis’ trawlgenerally much lower than losses to more northern
survey in Suisun Marsh. Abundance was highand western Delta di,versions, they are higher in
from 1980 through 1984, but declined to very lowdrier years when Delta outflow is insufficient to
levels through the 1987-1992 drought and hasmove larval longfin smelt out of the Delta into the
recovered only slightly since 1995. Bay:

The decline in the longfin smelt population hasIn dry years, many larval and juvenile longfin smelt
coincided with a number of changes in the estuary,rearing in the Delta are drawn south across the Delta
Related stressors believed to contribute to thistoward the south Delta pumping plants by the net
decline are listed below, southward flow caused by water exports at the

pumping plants. Many probably perish before
Low flows in late winter and spring into andreaching the pumps as a result of poor food supply,
through the Delta are believed to reduce survival ofpoor water quality (mainly high water temperature),
eggs and larval longfin smelt spawned in the Delta.and predation in the central and south Delta
Low Delta outflows may limit transport of larvalchannels, and intake forebays and structures of the
and juvenile longfin smelt downstream into qualitypumping plants. Of those reaching the pumping
nursery grounds of Suisun and San Pablo Bays.plants, some are recovered in fish salvage facilities
Low flows are a consequence of climaticand returned to the Bay, while others are lost in
conditions (low rainfall and more precipitation aswater exported.
winter rains rather than snow) and upstream
reservoir storageofwinterandspringrunoffin dryThe number of adults making the upstream
and normal years, spawning run has dropped to such low levels in

recent years that they no longer spawn sufficient
Reduced freshwater flows through the Delta andnumbers of eggs to bring about quick recovery in
into Suisun Bay may limit production of foodwebwet years. This may explain why production in
organisms during the critical early life stages of1993 was lower than expected.
longfin smelt.

Contaminants in the Delta water may also reduce
Water diversion practices, especiallyin drier years,the survival of longfin smelt. The effect may be
reduce larvae (about 5-15 millimeters long) andindirect through reduced planktonic food supply or
adult populations and lower reproduction rates. Indirect from toxin-induced egg, larval, or juvenile
drier years, the percentage of freshwater diverted isstress or mortality.
sharply higher than in wetter years.

Other more speculative causes of the decline and
Power plants at Pittsburg and Antioch with thelow abundance of longfin smelt include competition
largest diversions (up. to 3,000 cubic feet peror predation. Recently established non-native
second) operate in the prime nursery area of thefishes, such as gobies introduced from the ballast
western Delta and Suisun Bay. The power plantswater of ships from Asia, compete with longfin
operate longer in winter and spring of dry yearssmelt. Predation in dry years may also be a
(when less hydroelectric power is produced) toproblem, although it is difficult to quantify the
meet regional electricity demands, potential adverse effects. Management programs

that should be evaluated for potential adverse
Similarly, Delta agricultural diversions areinfluence on longfin smelt and other native fish
generally confined to late spring through fall;populations include the juvenile striped bass
however, spring diversions are generally greater instocking program and salmon hatchery release
drier years, when irrigation needs are higher,programs. The striped bass stocking program has
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released over 11 million juvenile striped bass fromspawning and rearing habitat, and (3) minimizing
1985 through 1990 into San Pablo and Suisunstressors in wetter years.
Bays and Central Valley salmon hatcheries have
released millions of hatchery-reared salmon smoltsLongfin smelt recovery efforts will also focus on
into San Pablo Bay in spring each year. Changes inenhancing freshwater outflow in dry and normal
plankton abundance and community specieswater year types during winter spawning and early
composition of the Bay and Delta caused by therearing periods. Natural Delta outflows in dry and
introductions of non-native species of zooplanktonbelow- and above- normal water-year types have
and Asian clams may also have contributed to thebeen reduced, particularly in late winter and spring,
decline of longfin smelt by affecting their foodand such reductions coincide with the longfln smelt
supply, decline. The 1995 Water Quality Control Plan for

the Delta provided interim provisions for increasing
Overall, the longfin smelt are affected by theFebruary-through-June Delta outflows. Additional
following factors in approximate order ofimprovements in late-winter and spring outflows
importance (U.S. Fish and Wildlife Service 1996);would:

¯ reductions in Delta outflows, ¯ improve transport of larvae and juveniles from
Delta spawning areas to Bay rearing areas,

at water diversions,entrainmentlosses
¯ limit the extent Of total southerly flows toward

¯ climatic variations (droughts and extreme the south Delta pumps where larvae and
floods), juveniles are subject to being exported,

¯ toxic substances, ¯ improve survival and production of longfin
smelt by stimulating foodweb productivity, and

¯ predation, and
¯ dilute concentrations of contaminants that may

¯ adverse effects of introduced species, be detrimental to longfin smelt or their food "
supply.

VISION Although deterioration of habitat is not considered
a major factor in the decline of longfin smelt,
protecting, improving, and restoring shallow-water

The vision for longfin smelt is to improve the
habitat in the Bay-Delta would help to increase

population of this species of special concern in thesurvival and.production of longfin smelt. Improved

Bay-Delta estuary so that it resumes its historicalhabitat would provide spawning and rearing habitat

levels of abundance and its role as an importantand increasing foodweb production. The increased

prey species in the Bay-Delta aquatic foodweb, spawning area and improved food supply may help
to overcome other factors ~that have little potential

Achieving consistently high production of longfinfor change (e.g., competition and predation from

smelt in normal and wetter years, whichnon-native species). Increases in tidal wetlands will
provide tidal channels that are important spawninghistorically produced more abundant juvenile

populations (year classes), will be critical to theand rearing habitat. Improving and restoring
shallow waters and riparian vegetation along leveesrecoveryof longfin smelt. Good wet-year
and channel islands in the Delta will also provideproduction would be ensured by (1) not allowing

production to fall too low in drier years such thatadditional important spawning habitat.Habitat

numbers of adult spawners in subsequent wet yearsimprovementsare expectedto also increasethe

remains low, (2) maintaining and: improving      abundance of plankton, on which longfin smelt
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feed, and lead to improved survival of larvae and striped bass, salmon, steelhead, sturgeon, and
juveniles. American shad) by 2002 (U.S. Fish and

Wildlife Service 1995b). This program
The Recovery Plan for Native Resident Fishes of involves actions that may indirectly benefit
the Sacramento-San Joaquin Bay-Delta Estuary longfin smelt.
(Recovery Plan) recommends restoring spawning
and rearing habitat in shallow Delta islands (i.e.,̄ The Salmon, Steelhead Trout, and Anadromous
Prospect Island, Hastings Tract, Liberty Island, Fisheries Program Act of 1988: DFG is
New Hope Tract, Brack Tract, and Terminous required under State legislation to restore
Tract) (U.S. Fish and Wildlife Service 1996). The numbers of anadromous fish in the Central
Recovery Plan also recommends restoring tidal Valley (California Department of Fish and
shallow-water habitat in Suisun Marsh by Game 1993). Actions include restoring the
reclaimingleveed lands, food supply of anadromous fish; that food

supply includes longfin smelt.’
In addition to improving Delta outflow and
habitats, reducing stressors will be important in
restoring longfin smelt populations. Water LINKAGE WITH OTHER
diversions remove many longfin smelt and their
food supply from the Bay and Delta, particularly ECOSYSTEM ELEMENTS
during drier years. Losses to diversions should be
reduced.

Successful restoration of longfin smelt will be
closely tied with improving late winter and spring

INTEGRATION WITIt OTHER Delta outflow, increasing shallow water and
wetland-slough habitat, reducing the effects of Bay-

RESTORATION PROGRAMS Delta water diversions, and reducing the level of
contaminants in Bay-Delta waters. Restoration
actions are similar to those prescribed for other

Restoring longfin smelt in the Central Valley isnative resident and anadromous fish including delta
will involve cooperation with the followingsmelt and striped bass.
programs.

¯ Recovery Plan for the Sacramento/San Joaquin IMPLEMENTATION OBJECTIVE,
Delta Native Fishes (U.S. Fish and Wildlife
Service 1995a): Its purpose under the federalTARGETS~ AND PROGRAMMATIC
Endangered Species Act is to provide a ACTIONS
stxategy for the conservation and restoration of
Delta native fishes. Longfin smelt are
identified in this plan as requiring promptThe implementation objective for longfin smelt is to
restoration actions. The basic objective of thisensure the recovery of this species of special
plan is to establish self-sustaining populationsconcern in order to contribute to overall species
of the species of concern, including longfinrichness and diversity and reduce conflict between
smelt, that will persist indefinitely. The visionthe need for its protection and other beneficial uses
for longfin smelt ’ includes facilitatingof water in the Bay-Delta.

. implementation of the Recovery Plan. A target for longfin smelt is to increase their
abundance as measured in the fall midwater trawl

-¯ The Central Valley Project Improvement Act survey especially in dry year and in wet year
(PL 102-575): It calls for the do.ubling of the following dry year or series of dry years. Another
anadromous fish populations (including

~ O,t~
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target is to increase their distribution to a wider̄ Develop and implement a program to reduce
areas of the Bay-Delta as measured in the trawl the introduction of non-native species to the
survey, estuary from released ballast water would help

-minimize increasesin predation and
The following actions would improve the longfin competition.
smelt population:

¯ Develop and implement a program to reduce
¯ Improve Delta outflow in late winter and contaminant inputs to the Bay-Delta would

spring to improve foodweb productivity and to indirectly improve production of longfin smelt.
dispense larvae and juvenile longfin smelt to
downstream rearing habitat in Suisun and San
Pablo Bays. REFERENCES

¯ Increase the amount of shallow water
spawning habitat in the Delta and .rearingU.S. Fish and Wildlife Service. 1996. Recovery
habitat in Suisun and San Pablo Bays.

Plan for the Sacramento/San Joaquin Delta
Native Fishes. U.S. Fish and Wildlife¯ Relocate or add diversion options for the south Service, Portland, OR.

Delta pumping plants to (1) alleviate net
southerly flows in the Delta in drier years, (2)
improve transport of young longfin smelt to
the Bay and from the Deltaaway south
pumping plants and Delta agriculture
diversions, and (3) increase the foodweb
productivity.

¯ Evaluate and implement options to reduce
PG&E power plant diversions from February
through July in drier years. Options include
limiting power operations during critical
periods; improving screening facilities to
reduce entrainment of larval and early juvenile
longfin smelt, life stages that are presently
most vulnerable to the intakes; or retrofitting
plants with alternative cooling technologies
(e.g., cooling towers). "

¯ Evaluate the need to alter the timing and
location for stocking striped bass and hatchery-
reared chinook salmon in spring and early
summer important longfinto avoid smelt
juvenile rearing areas in Suisun and San Pablo
Bays.
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SPLITTAIL

ppt salinity) habitat that provide a protective,
food-rich environment.

The population abundance of splittail is highly
variable. Year-class abundance varies greatly.
Low year-class success occurred throughout the
1987-1992 drought years ....

INTRODUCTION

60

The splittail is a native resident fish of the lower
reaches of the Sacramento and San Joaquin
Rivers. It is proposed for listing under the federal
Endangered Species Act and a candidate for
listing under the California Endangered Species
Act. The splittail also supports a small winter
sport fishery in the lower Sacramento River.              ‘10

0
’1967 ‘1970 ’19r3 ’1976 ‘1979 ‘1982 ‘1985 ‘1988 ‘199’1

Major factors that limit its contribution to the
health of the Bay-Delta include loss of floodplain Abundance Data for Splittail from DFG Fall Mid
spawning and rearing habitat, low streamflows Water Trawl Survey (USFWS 1996)
that limit floodplain inundation and transport
young to downstream nursery areas, and losses to

Access to habitat throughout the geographic rangewater diversions,
of splittail has been greatly diminished by human-
caused actions. Restrictions to the floodplain,
loss of marshes, and reduced winter-spring river

RESOURCE DESCRIPTION flows from flood control and water supply
development have reduced the species’ range and
abundance. In addition, water quality (e.g., high

Splittail are endemic to the Sacramento-Santemperature and dissolved solids) reduce the use
Joaquin Delta estuary and to the lower reaches ofof the lower San Joaquin River by splittail.
the Sacramento and San Joaquin Rivers. Splittail
represent an important component of the historicalSplittail have limited productivity particularly in
native fish fauna. Splittail tolerate a wide rangeperiods of drought, primarily from low freshwater
of salinity, but are most abundant in shallow areasinflow to the Bay-Delta and modification of
where salinity is less than 10 parts per thousandhabitat by past and ongoing human actions. Dams
(ppt). Spawning occurs in fresh water, primarilyand levees restrict access to historical, seasonally
in floodplain areas upstream of the Delta.flooded spawning and rearing habitat. Abundant
Spawning habitat includes shallow edgewatersyear classes are generally associated with winter
and seasonally flooded riparian zones and flood
bypass areas that provide spawning substrate (e.g.,
submerged vegetation). Rearing habitat includes
shallow- fresh- and brackish water (less than 10

~ ~
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harvest for food and bait by sport anglers may
inhibit recovery of the splittail population.

I

VISION

~ ’ The vision for splittail is to assist in the recovery
1.5 of the species in order to contribute to the overall

species richness and diversity, and to reduce the
conflict between protection for this species and
other beneficial uses of water in the Bay-Delta.

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~_ ~ ~ Splittail would benefit from improvements in
spawning and rearing habitat, late winter and

Index of Adult and Juvenile Spl.ittail spring river flows, and reduced losses to water
in Suisun Marsh Trawl Survey diversions. Increases in the frequency of

floodplain inundation, and increased freshwater
flows would contribute most to their recovery.

and spring flows sufficient to flood peripheralAdditional freshwater flow could be provided
areas of the Delta and lower river reaches,during late winter and spring to attract adults to
including the flood bypass system of theupstream spawning areas, transport young to
Sacramento River and the floodplain of the Sandownstream nursery areas in the Bay-Delta, and
Joaquin River. Flood control reservoirs reduce maintain low salinity habitat in the western Delta
flooding in the Sacramento, San Joaquin,andSuisunBay.
American, Feather, Mokelumne, Stanislaus,
Tuolumne, Merced, and Calaveras Rivers.            Restoring splittail will require restoring

seasonally flooded spawning and rearing habitat.
Levee construction in the 1800s created narrowHabitat restoration may be achieved by adding
channels and eliminated vast areas of fluvial
marsh and seasonal wetlands that are important as

and modifying physical habitat and additional
freshwater flow during critical periods. Actions

spawning and rearing habitat for splittail, include breaching levees to inundate existing

Losses to Delta diversions (e.g., hundreds of smallislands, setting levees back to increase shallow-

agricultural diversions, Central Valley Project
water habitat along existing channels, protecting
existing Shallow-water habitat from erosion, and

[CVP] and State Water Project [SWP] export filling deep water areas with sediments to create
pumps, and Pacific Gas & Electric Companyshallow-water habitat.
[PG&E] power generation facilities) reduce
splittail abundance. Large numbers of youngSplittail would benefit from reduced-widow losses
splittail are entrained in Delta diversions,to diversions in the Sacramento and San Joaquin
especially during years coinciding with highRivers and the Sacramento-San Joaquin Delta
reproductive success, estuary.

Food availability, toxic substances, and compe-
tition and predation (particularly from striped bass
and other introduced species) are among the
factors limiting splittail abundance. In addition,

i
~_ C~d?
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INTEGRATION WITH OTHER IMPLEMENTATION OBJECTIVES,

RESTORATION PROGRAMS TARGETS, AND PROGRAMMATIC

ACTIONS
Efforts to restore splittail would involve
cooperationandSupportfrom otherestablished The implementation objective for splittail is to
programs that are protecting and improvingensure the recovery of this species of special
conditions for delta smelt, striped bass, and otherc~ncern, which is proposed for listing under the
species. federal Endangered Species Act (ESA), in order to

contribute to overall species richness and diversity¯ Recovery Plan for the Sacramento/Sanand reduce the conflict between the need for itsJoaquinDeltanativefishes(u.s. Fishand protection and other beneficial uses of water in
Wildlife Service 199~5) will be considered in the Bay-Delta.
developing program actions.

targets for splittail include achieving a fall¯ Central Valley Project Improvement Act Themid_water trawl index consistently of 20 units or
¯ (CVPIA) will implement actions that will higher, and a Suisun Marsh trawl index
benefit splittail, including changing timing ofconsistently of 4 units or higher.
diversion, restoring habitat, and dedicating
flow during critical periods for co-occurring The following actions would improve the splittailspecies,

population:

¯ State Water Resources Control Board
(SWRCB) will implement the Water Qualit~

¯ improve late winter, and spring freshwater
flows,Control     Plan    for    the     San

Francisco/Sacramento-San Joaquin Deltā increase flooded and shallow water spawningestuary, which includes provisions’ to limit habitat in rivers and Bay-Delta,
entrainment in diversions and protect habitat
conditions for splittail, chinook salmon, ¯ upgrade existing fish protection facilities at
striped bass, and other species, south Delta pumping plants,

LINKAGE WITH OTHER ¯ install fish screens on currently unscreened
facilities in the Delta and Sacramento and San

ECOSYSTEM ELEMENTS Joaquin Rivers,

¯ remove predators associated with diversions

Successful restoration of splittail will be closely and fish protection facilities,

tied with improving freshwater inflow, floodplain
inundation, wetland restoration, and reducing

¯ relocate and consolidate existing diversions,

effects of water diversions. Restoration actions̄
change seasonal timing of diversions,are similar to those prescribed for other native

residentfishesincludingdeltasmelt. ¯ reduce or eliminate diversions,

¯ reduce pollutant input to streams and rivers in
the Sacramento-San Joaquin River basin,
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prevent introduction of non-native species.
High water temperatures and dissolved solids
also reduce splittail use of the lower San
Joaquin River.

REFERENCES

U.S. Fish and Wildlife Service. 1996. Recovery
Plan for the Sacramento/San Joaquin Delta
Native Fishes. U.S. Fish and Service,Wildlife
Portland, Oregon.
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WHITE AND GREEN STURGEON

INTRODUCTION ¯

White and green sturgeon rear in the Sacramento-
San Joaquin estuary and spawn in the Sacramento
and San Joaquin Rivers and their major tributaries,adults and habitat conditions that occurred decades
Sturgeon may leave the Bay-Delta and move along
the coast to as far as Alaska. Populations of white

ago during the larval and early juvenile life stages.

and green sturgeon are found in many of the largerWhite and green sturgeon inhabit both saltwater
rivers from California north to British Columbia. and fresh water and tolerate a wide range of

The white sturgeon is an important nativesalinity concentrations. Spawning occurs in larger

anadromous sport fish with high recreational and
rivers upstream of the Delta. Low river flow

ecological.value. The green sturgeon is designatedduring late winter and spring may reduce attraction

as a species of special concern by the Californiaof sturgeon to specific rivers and reduce spawning
success.StreamchannelizationandfloodcontrolDepartment of Fish and Game (DFG) and U. S.

Fish and Wildlife Service (USFWS).
measures on large rivers (e.g. levee construction)
may affect sturgeon use and spawning success.

Major factors that limit sturgeon populations in theLosses of sturgeon young into water diversions
Bay-Delta are adequate streamflows for attracting
adults to spawning areas in rivers and transportingreduces sturgeon productivity. However, relative

young to nursery areas, illegal and legal harvest,
to other species, the percentage of the sturgeon

and entrainment into Water diversions,
population caught in diversions is low.

Food availability, toxic substances, and
competition and predation are among the factors

RESOURCE DESCRIPTION influencing the abundance of sturgeon. Sturgeon
are long lived (e.g., some live over 50 years) and
may concentrate pollutants in body tissue from

White and green sturgeon are native to Centraleating .contaminated prey over long periods.
Valley rivers and the Bay-Delta and represent anHarvesting by sport fishers also affects abundance.important component of the historic native fishof the adult populations. Illegal harvest (poaching)
fauna. Throughout recorded history, whitealso reduces the adult population.
sturgeon have been the dominant sturgeon
populations in the Bay-Delta system, whereas inRecently, white sturgeon have been feeding on
smaller systems such as the Eel River, greenAsian clams in Suisun Bay, which may indicate a
sturgeon dominate. White sturgeon support avery important ecological role that could feed back

¯ valuable sport fishery in the Bay and Delta. through foodweb productivity of the Bay-Delta.
Sturgeon predation may limit clam abundance and

Sturgeon are long-lived species. Change intherefore potentially decrease the loss of plankton
abundance of older fish may reflect the harvest ofto clam feeding. The clams also accumulate

contaminants, which may pose a long-term
problem for sturgeon feeding heavily on clams.
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VISION to streams and rivers in the Sacramento-San
Joaquin River basin.

The vision for white and green sturgeon is to
restore population distribution and abundance to INTEGRATION WITH OTHER
historical levels. Restoration of these species RESTORATION PROGRAMS
would support a sport fishery for white sturgeon,
ensure recovery of the green sturgeon population,
and contribute to overall species richness andEfforts to restore white and green sturgeon in the
diversity and reduce conflict between the need forCentral Valley would involve cooperation and
protection for these species and other beneficialsupport from other programs underway to restore
uses of water in the Bay-Delta. sturgeon and other important fish.

White and green sturgeon would benefit ~from       ¯     The Central Valley Project Improvement

Act (CVPIA) (PL 102-575) calls forimproved ecosystem processes, including adequate
streamflow to attract adults to spawning habitat, implementing changes in flows and
transport, larvae and early juveniles to productive project facilities and operations by 2002
rearing habitat, and maintain productivity and that lead of theto doubling sturgeon
suitability of spawning and rearing habitat
(including production of food). Ecosystem

populations.

processes that need improvement includē The Salmon, Steelhead Trout, and
streamflows, stream and channel configurations, Anadromous Fisheries Program Act of
and migration barriers (e.g. dams). Additional 1988 requires DFG to restore historical
streamflow during late winter and spring would numbers of sturgeon in the Central Valley.attract sturgeon to rivers and maintain spawning
flow requirements. ¯ The Four Pumps (SWP) and Tracy (CVP)

Fish Agreements provide funds and
White and green sturgeon would benefit from actions to DFG for sturgeon restoration.
restoring spawning and rearing habitat. Habitat
restoration may be achieved by adding and̄ The Recovery Plan for the Sacramento-

modifying physical habitat and increasing San Joaquin Delta Native Fishes
freshwater flow during critical periods. Juvenile
sturgeon frequent Delta sloughs and may benefit

(USFWS) identifies recovery actions for

from increases in slough habitat. Spawning habitat white and green sturgeon.

includes upstream river reaches that contain
appropriate substrate (e.g., gravel, rock). Rearing
habitat includes areas in the Sacramento and San LINKAGE WITH OTHER
Joaquin Rivers and the Delta~ that provide ECOSYSTEM ELEMENTS
protective, food-rich habitats such as the shallow
shoals and bays of the Bay-Delta.

Restoration of white and green sturgeon
Reducing stressors is a component of restoringpopulations are integrally linked with restoration of
white and green sturgeon populations. Reducingriver floodplain and stream meander habitat,.
losses to diversions from the Sacramento-Sanimprovements in Central Valley streamflows,

¯ Joaquin Delta estuary would increase survival ofimprovements in habitat, and reductions in losses
young sturgeon. White and green sturgeon wouldto water diversions and illegal harvest.
also benefit from actions to reduce pollutant input
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IMPLEMENTATION OBJECTIVE, [] Reduce losses of eggs, larvae, and juvenile
sturgeon at water diversions,

TARGETS, AND PROGRAMMATIC
ACTIONS ¯ Upgrade fish protection facilities at diversion

facilities in the Delta,

The implementation objective for white sturgeon̄ Restore tidally influenced Delta and estuarine
habitat such as tidal perennial aquatic habitatand green sturgeon is to restore the distribution and

abundance of the white sturgeon to historical levels and sloughs.

in order to support a sport fishery, and ensure the
recovery of the green sturgeon, aDFG species of
special concern. Meeting this objective would REFERENCES
contribute to overall species richness and diversity
and reduce conflict between the need for their
protection and other beneficial uses of water in theCalifornia Department of Fish and Game. 1993.
Bay-Delta. Restoring Central Valley streams: a plan for

action. Sacramento, CA.
General targets for sturgeon populations are:

U.S. Fish and Wildlife Service. 1996. Recovery
[] Restore population to levels of the 1960s, Plan for the Sacramento-San Joaquin Delta

Native Fishes. U.S. Fish and Wildlife Service,
[] Improve flow in Sacramento River in spring, Portland, OR.

[] Reduce the rate of illegal harvest, . 1997. Revised draft anadromous
fish restoration plan. U.S. Fish and Wildlife

~ Reduce the percentage lost of sturgeon to Service, Sacramento, CA.
water diversions to that of the 1960s,

The general approach for programmatic actions
are:

¯ Improve the aquatic foodweb,

Improve spring flows in Sacramento River and
major tributaries,

[] Restore natural meander belts and add gravel
substrates in upstream spawning areas,

[] Increase Delta outflow in spring of dry and
normal years,

[] Improve water quality of Bay-Delta,

[] Provide greater enforcement to reduce
poaching,

~’~ C.q,F~
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CHINOOK SALMON

CVP/SWP export pumps in the southern Delta
which alter Delta hydrodynamics, juvenile rearing
and migration pattems, and cause entrainment at
the facilities, and reducing stressors such as
unscreened water diversions, high water
temperatures, and harvest of naturally spawned
salmon. The overall nature of habitats, flows, and
stressors varies greatly throughout the. range of
chinook salmon in the Central Valley and is
influenced by which specific run of salmon is
present, its life stage (egg, fry, juvenile, adult), and
the season.

INTRODUCTION

RESOURCE DESCRIPTION
Chinook salmon are medii~m- to large-bodied fish
that spawn in freshwater, migrate to the ocean as
juveniles, achieve significant growth, and return to
freshwater at varying degrees of sexual maturity.Chinook salmon represent a highly valued

Four runs of chinook salmon are present in the
biological r~source and a significant biological

Central Valley, distinguished by their timing oflegacy in the Central Valley of California. Central

to fresh water: fall, late=fall, winter, and       Valley chinook salmon comprise numerousreentry
spring (Boydstun et at. 1992). Winter-run chinook

individual stocks, including the Sacramento fall-
run, late-fall-run, spring-run, winter-run, and Sansalmon were formally listed as an endangered

species under the California Endangered Species
Joaquin fall-run. The continued existence of

Act in 1989, and as endangered under the federalCentral Valley chinook salmon is closely linked to

Endangered Species Act in 1994 (National Marineoverall ecosystem integrity and health.

Fisheries Service [NMFS] i996). The NMFS is
reviewing the status of the other Central Valley
chinook salmon runs and considering the potential

350needs for additional listings under the ESA.
Listing of the winter-run chinook population 3oo ....i.~.:..~....~.; .....~..~..:..: ~..
reflected poor ecological health of the Bay-Delta ~250 !
system and placed additional regulatory controls on
water management operations in the Central
Valley. Water management regulations constrain ~ 15o
the water diversion from the Sacramento River, the ~ ,t lOO
water export in the Delta, and restrict ocean
harvest. 50

chinook salmon
1970 1975 1980 ’ i985 ’ "1090 "1995

The keyto improving populations
I1will be maintaining populations through periods of I1 Natural

drought by improving streamflow magnitude,Central Valley Adult Fall-run Chinook Salmon Escapement Estimates
timing, and duration; reducing the effects of the for Natural and Hatchery Spawners (PFMC 1997)

I ~.~ ~
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Because of their life cycle, typical of all Pacific Overall, the abundances of stocks have varied
salmon, Central Valley chinook salmon require annually since 1970 and exhibited depressions in
high-quality habitats for migration, holding, run size (escapement) during and following the
spawning, egg incubation, emergence, rearing, and 1976-1977 and 1987-1992 droughts (Mills and
emigration to the ocean. These diverse habitats are Fisher 1994). Low flows and reservoir storage
still present throughout the Central Valley and are levels during droughts caused high water
successfully maintained to varying degrees by temperatures, poor spawning and rearing habitat
existing ecological processes. Human-caused conditions, high predation rates, high diversion
actions (stressors) have diminished the quality and losses, and increased harvest, which in turn reduce
accessibility of habitats used by chinook salmon, salmon survival.
These habitats can be restored through a
comprehensive program that strives to restore or 250.
reactivate ecological processes, functions, andhabitat elements on a systematic basis, while stressors impair         ~15o. ~-~oo

reducing or eliminating known sources of mortality
and other that the survival of
chinook salmon. However, the restoration
approach must fully consider the problems and ~1oo.

opportunities within each individual watershed and
must be fine tuned to meet the requirements of 5o .................................................................................

locally adapted stocks.
Chinook salmon populations in the Central Valley 1970 1975 1980 1985 1990 1995

are at varying degrees of health. Some

Comparison of the escapement trends of adult fall-run12o,ooo ............                                i            chinook salmon in the Sacramento Basin and the San

1001000 ................................................. Joaquin Basin (PFMC 1997).

80,000
Chinook salmon are found in virtually all 14

60,000’
............................. i ecological zones that comprise the ERPP Study

4o,ooo Area and many of their respective ecological units.
Overall, the decline of the chinook salmon

20,000
............................. i population resulted from the cumulative effects of

o degrading spawning, rearing, and migration
1965 1970 1975 1980 1988 1990 1995 habitats in the Sacramento and San Joaquin basins

Annual escapement estimates for winter-run and the Sacramento-San Joaquin Delta.

chinook salmon. Specifically, the decline was most likely caused by
a combination of factors that reduced or eliminated

populations, such as the winter-ran and spring-ran, important ecological processes and functions, such
have declined sharply over the past one to two as:
decades. Winter-run has been designated as an
endangered species and the spring-run and San ¯ excessively warm water temperatures during
Joaquin fall-run are being considered for listing as the prespawning, incubation, and early rearing
threatened. Some populations remain healthy, periods of juvenile chinook;
especially those supplemented with hatchery
production. ¯ interrupting or blocking the free passage of

juveniles and adults at diversion and water
storage dams;
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¯ loss of natural, emigration cues when flowupper Sacramento River; reduced diversions
regimes are altered as a result of the export ofduring periods when juveniles are most susceptible
water from large diversions in the south Delta;to entrainment; and the positive-barrier fish screens

installed on the larger water diversions along the
¯ heavy metal contamination from sources suchSacramento River. However, additional measures.

as Iron Mountain Mine; that focus on reactivating or improving ecological
processes and functions that create and maintain

¯ entrainment in a large number of unscreenedhabitats will be necessary for recovery of the
and poorly screened diversions; and various chinook salmon stocks in the Central

Valley.
¯ degradation and loss of woody debris, shaded

riverine aquatic (SRA) habitat, riparian Rebuilding chinook populations to a healthy state
corridors and forests, and floodplain functionswill require a coordinated approach to restoring
and habitats from such factors such asecosystem processes and functions, restoring
channelizafion, levee construction, and landhabitat, reducing or eliminating stressors on a site-
use. specific basis, and improving management and

operation of the five salmon hatcheries in the
Climatic events and human activity haveCentral Valley.
exacerbated these habitat problems. Lengthy
droughts have led to low flowsand higher
temperatures. Periodic E1 Nifio conditions in the VISION
Pacific Ocean have reduced salmon survival by
altering ocean current patterns.

The vision for Central Valley chinook salmon is to
Human activities have also contributed to theachieve naturally spawning population levels thatdecline of the chinook, although perhaps to a lessersupport and maintain ocean commercial and ocean
degree. These activities include the constructionand inland recreational fisheries, and that fully use

existing and restored habitats. This vision willand operation of various smaller water
manipulation facilities and dams; leveecontribute to the overall species diversity andconstruction and marshland reclamation causing

richness of the Bay-Delta system and reduceextensive loss of rearing habitats in the lowerconflict between protection for this species andSacramento River, San Joaquin River, and
other beneficial uses of water and land in theSacramento-San Joaquin Delta; and introduction ofCentral Valley.

predatory species. Ocean and inland recreational
and commercial salmon fisheries have pi’obablyThiS vision is consistent with restoring the
impaired efforts to rebuild salmon stocks. Sacramento River winter-run chinook salmon to

levels that will allow it to be removed from theExisting regulatory efforts have not adequatelyState and federal endangered species lists;
maintained some chinook stocks as healthyincreasing populations of other chinook stocks to
populations. As a result, the winter-run populationlevels that eliminate any future need for protectionwas protected under the State and federal ESAs to

under the State and federal Endangered Speciessave it from extinction. Since its listing, someActs (ESAs); and providing population levels for
significant habitat improvements have been madeall chinook s~ocks that sustain recreational and
to help preserve this and other chinook

commercial fisheries and other scientific,populations. These include improved watereducational, and nonconsumptive use of these
temperatures and flow management for spawning,valuable resources.incubation, and rearing; improved passage of
juveniles and adults at diversions and dams on the

~ ~
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!
Within the broad context of ecosystem restoration,are widespread in the Central Valley and are a
salmon restoration will include a wide variety ofknown source of mortality to chinook salmon.
efforts, many of which are being implemented for
other ecological purposes or which are not specificMany action-oriented activities are underway in the
to chinook salmon. For example, restoring riparianCentral Valley that will assist in achieving the
woodlands along the Sacramento River betweenvision for chinook salmon. Some are short-term
Keswick Dam and Verona will focus on. natural actions and some are long-term evaluations. All
stream meander, flow, and naturalare designed to eliminate stressors and improve
revegetational/successional processes. Theseecological processes and habitats.
factors will be extremely important in providing
SRA habitat, woody debris, and other necessary
habitats required by food organisms and juvenile INTEGRATION WITH OTHER
and adult salmon populations.

RESTORATION PROGRAMS
Another example is to reactivate tidal flows into
fresh and brackish (somewhat salty) marshes.
Reactivating the tidal exchange in marshes willThere are three major programs to restore chinook
greatly increase the production of lower trophicsalmon populations in the Central Valley.
organisms, thereby improving the foodweb.
Reactivating tidal exchange will also substantiallȳ Central Valley Project Improvement Act: The
increase the complexity ofnearshore habitats in the Secretary of the Interior is required by the
lower mainstem rivers, the Delta, and the Bay, Central Valley Project Improvement Act to
which will be valuable habitats for juvenile double the natural production of Central
salmon. Valley anadromous fish stocks by 2002

(USFWS 1995).
Operating the water storage and conveyance
systems throughout the Central Valley for their̄ Endangered Species Recovery Plan. The
potential ecological benefits can be one of the National Marine Fisheries Service is required
more important elements in restoring a wide under the federal ESA to develop and
spectrum of ecological resources, including implement a recovery plan for the endangered
chinook salmon, winter-run chinook salmon and to restore the

stock to- levels that will allow its removal from
Harvest management will play an important role in the list of endangered species (NMFS 1996).
restoring healthy salmon populations. The
Ecosystem Restoration Program Plan (ERPP)̄ Salmon, Steelhead Trout and Anadromous
anticipates a highly compatible relationship Fisheries Program Act: The California
between restoring ecological processes and harvest Department of Fish and Game (DFG) is
management recommendations.Ecological required under State legislation (the Salmon,
processes selected for restoration include those that Steelhead Trout and Anadromous Fisheries
create and maintain critical habitat elements. Program Act of 1988) to double the numbers
Harvest management recommendations focus on of salmon that were present in the Central
rebuilding naturally spawning stocks. Valley in 1988 (Reynolds et al, 1993).

Lack of adequate corridors between upstreamEach of the major chinook salmon
holding, sPawning, and rearing habitat in certainrestoration/recovery programs has developed
tributary streams has impaired or reduced thespecific goals for Central Valley chinook salmon
reproductive potential of some stocks such asstocks. ERPP embraces each of the
spring-run chinook salmon. Unscreened diversionsrestoration/recovery goals and will contribute to
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each agency’s program by restoring critical̄ Water diversions,
ecological processes, functions, and habitats, and
reducing or eliminating stressors. ¯ Dams, reservoirs, weirs, and other human-

made structures,

LINKAGE WITH OTHER ¯ Levees, bridges, and bank protection,

ECOSYSTEM ELEMENTS ¯ Dredging and sediment disposal,

¯ Gravel mining,
Chinook salmon are closely dependent on
ecological processes and habitats and adverselȳ Predation and competition,
affected by a variety of stressors.

¯ Contaminants,
Important ecological processes the directly
influence the health of chinook salmon or its̄ Harvest,
habitat include:

¯ Some aspects of artificial propagation
Central Valley streamflows, programs, and

¯ Natural sediment supply, ¯ Disturbance.

¯ Stream meander corridors,

¯ Natural and flood IMPLEMENTATION OBJECTIVE~floodplain processes,
TARGETS~ AND PROGRAMMATIC

¯ Central Valley stream temperatures, ACTIONS
¯ Bay-Delta hydraulics,

The implementation objective for chinook salmon[] Bay-Delta aquatic foodweb, and is to ensure the recovery of the Sacramento winter-
mn chinook salmon, a species listed as endangered[] Upper watershed health and function, under the federal and California EndangeredHabitats used by chinook salmon during their
Species Acts (ESAs). Recovery of the winter-runjuvenile or adult life stages include:
chinook salmon would ensure overall species
richness and diversity and reduce conflict between¯ Tidal perennial aquatic habitat, the need for its protection and other beneficial uses

¯ Delta sloughs, of water in the Bay-Delta. The objective is also to
ensure the restoration of Sacramento fall-run
chinook, spring-run chinook, late-fail-run chinook,¯ Midchannel islands and shoals, and San Joaquin fall-run chinook to support
sustainable sport and commercial fisheries.¯ Saline and fresh emergent wetlands, and

¯ Riparian and riverine aquatic habitats.             The overall target for chinook salmon is presented
as a strat~egy to increase the survival and return of
each generation. ERPP’s approach is to

Stressors that adversely affect chinook salmon orcontribute to managing and restoring each stock
its habitats include: with the goal of maintaining cohort replacement

~ ~
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rates of much greater than 1.0 while the individual greatly diminished by the construction of
stocks are rebuilding to desired levels. When the levees; construction of levees that isolated
stocks approach the desired population goals, rivers from their floodplains; and removal or
ERPP will contribute to maintaining a cohort other loss of riparian, shaded riverine, and
replacement rate of 1.0. In practical application, woody debris habitats. A major long-term
management and restoration goals need to be commitment will be required to restore the
developed on a stream-specific basis and include habitats in these areas.
all runs of chinook salmon.

Protect existing populations in the Central
The strategy for achieving the chinook salmon Valley. The ERPP focuses on supporting
vision includes protecting existing populations, efforts to protect existing natural populations
restoring ecological processes, improving habitats, of chinook salmon by limiting harvest of
and reducing stressors. The following actions naturally spawned fish while emphasizing the
would improve chinook salmon populations: harvest of hatchery-produced fish. A short-

term action would be to evaluate mass marking
¯ Restore ecological processes in the Central of all hatchery-produced chinook salmon and

Valley. Chinook salmon are dependent on limiting harvest to only marked salmon.
adequate streamflows; gravel recruitment, Another short-term action would be to alter
transport, and cleansing; low water existing hatchery practices that do not embody

’ temperatures; and channel configurations, the concepts of genetic conservation. A long-
term action may involve restrictions on harvest

¯ Maintain adequate streamflows to improve gear, season.s, and fishing areas in commercial
gravel recruitment, transport, and cleansing; and sport fisheries.
water temperatures; and channel conditions._.
Improved streamflow would also provide ¯ Eliminate stressors that cause direct or indirect
attraction flows for adult salmon migrating mortality of chinook salmon. Important
upstream to spawning grounds through the stressors on chinook salmon include
Bay, Delta, and lower rivers. Flows also insufficient streamflow, high water
support downstream transport for juvenile temperatures, blockages at diversion dams,
salmon migrating to the ocean and minimize predation near human-constructed structures,
losses to diversions and predators. Short-term contaminants, unscreened diversions, and
improvements in flows may be possible with harvest. ERPP focuses on reducing each of
existing supplies. Necessary changes in these stressors in the short term and
streamflows may require long-term water eliminating the conditions that bring about the
supply improvements, stress factors in the long term by restoring

natural processes and eliminating stressors
¯ Restore habitats required by chinook salmon, where feasible.

Where ecological processes cannot restore
habitats to the desired level, habitats can be
improved using direct measures. Important REFERENCES
habitat components for chinook salmon
include spawning gravel, water temperatures,
and access to spawning habitats. In the shortBoydstun, L.B., R.J. Hallock, and T.J. Mills.
term, gravel can be introduced to rivers where 1992. Salmon in: California’s living marine
needed. Fish passage facilities can be Resources and their utilization. W.S. Leets,
upgraded where deficient. Generally, habitat C.M. DeWees, and C.W. Haugen eds. Sea
q̄uality and availability along the lower reaches Grant Publication UCSGEP-92-12. 257 p.of the major rivers and in the Delta have been

Volume L" Ecosystem Restoration Program Plan
I~.Y-DI~TA Vision for Chinook Salmon

~ I’I~OC, II~M Draft: March 1998

154

C--00641 7
(3-006417



Mills, T.J., D.R. McEwan, and M.R. Jennings.
1996. California salmon and steelhead:
beyond the crossroads, p. 91-111. In D.
Stouder, P. Bisson, and R. Nalman, (eds.),
Pacific salmon and their ecosystems: status
and future options. Chapman and Hall, New
York.

Mills, T.J. and F. Fisher. 1994. Central Valley
anadromous sport fish annual ran-size,
harvest, and population estimates, 1967
through 1991. California Department of Fish
and Game, Inland Fisheries Technical Report,
Revised August 1994. 70 p.

NMFS 1997. NMFS proposed recovery plan for
the Sacramento River winter-ran chinook
salmon. National Marine Fisheries Service,
Long Beach, 6, p.CA. March 1996. 233

PFMC. 1997. Review of the 1996 Ocean salmon
fisheries. Pacific Fishery Management
Council, Portland, Or.

Reynolds, F.L., T.J. Mills, R. Benthin, and A.
Low. 1993. Restoring Central Valley
Streams: A Plan for Action. California
Department ofFish and Game. 189 p.

USFWS 1997. Revised draft anadromous fish
restoration plan: a plan to increase the natural
production of anadromous fish in the Central
Valley of California. U. S. Fish and Wildlife
Service, May 30, 1997.112 p.

i ~’~ CAIF~D
Volume 1: Ecosystem Restoration Program Plan

-.~ BAY.DF.LTA Vision for Chinook Salmon
~- Pl~O~ghld                                                                                                Draft: March 1998

155

C--00641 8
G-006418



STEELHEAD TROUT

to ocean waters after spending 1-3 years in fresh
water. They reside in marine waters for typically
2 or 3 years before returning to their natal stream
to spawn as 3- to 5-year-old fish. Unlike Pacific
salmon, steelhead are iteroparous (i.e., they are
capable of spawning more than once before they
die). However, postspawning survival rates are
generally low, thus the percentage of adults in the
population that spawn more than once is low. It is
likelythat steelhead and resident forms interbreed,
thus forming a single population in streams where
they coexist.

INTRODUCTION Biologically, steelhead can be divided into two
reproductive ecotypes according to their: state of
sexual maturity at the time of river entry, the

Steelhead trout are an anadromous form ofduration of their spawning migration, and

rainbow trout. This species spawns in freshwater,behavior. These two ecotypes are termed "’stream

its juveniles rear in cool water for a year or morematuring" and "ocean maturing." Stream maturing

before migrating to the ocean. Steelhead spendsteelhead enter fresh water in a sexually immature
condition and require several months to mature andone to three years in the ocean before maturing and

returning inland to spawn. Because of their lifespawn. Ocean-maturing steelhead, enter fresh

cycle, young steelhead are susceptible to mortalitywater with well-developed gonads and spawn

resulting fromwatertemperatures, shortly thereafter. These two reproductive
ecotypes are more commonly referred to by their

Annual counts of steelhead, taken at Red Bluffseason of freshwater entry (i.e., summer-run and

Diversion Dam, suggest that the recent spawningwinter-run steelhead). Central Valley steelhead

populations are less than 10,000 adult fish. This isstocks are typically of the ocean-maturing type and

a substantial decline from the estimated 30,000are called winter-run steelhead. Some evidence

fish that returned to Central Valley rivers andsuggests that summer-run steelhead were once

streams in the early 1960s (Mills et al. 1996, Millspresent but that construction of large dams on
major tributaries, which would have blocked adultsandFisher1994).
from reaching the deep pools they need to
oversummer, most likely eliminated these

RESOURCE DESCRIPTION         populations.

The National Marine Fisheries Service (NMFS)
has identified steelhead populations in the Central

Rainbow trout exhibit one of the most complex lifeValley as composing a single evolutionary
histories of any salmonid species. Those thatsignificant unit (ESU). ESUs are defined using a
exhibit anadromy (i.e., migrate as juveniles fromvariety of physical and biological data, including
fresh water to the ocean and then return to spawnthe physical environment (geology, soil type, air
in fresh water as adults) are called steelhead, andtemperature, precipitation, riverflow patterns,
those that reside their entire lives in fresh water arewater temperature, and vegetation); biogeography
called rainbow trout. Steelhea~d typically migrate(marine, estuarine, and freshwater fish
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distributions); and life history traits (age athabitat foradultsandjuveniles. Excessively warm
smolting, age at spawning, river entry timing,water temperatures during the prespawning,

I spawning timing, and genetic uniqueness), incubation, and early rearing period of juvenile
steelhead; interrupting or blocking the free passage

The Central Valley steelhead ESU comprises theof juveniles and adults at diversion dams; losing

I Sacramento and San Joaquin Rivers and theirnatural emigration cues is attributable to altered
tributaries. Recent data from genetic studies showflow regimes resulting from the export of water
that samples of steelhead from Deer and Millfrom large diversions in the south Delta. A large

I Creeks and Coleman National Fish Hatchery onnumber of unscreened and poorly screened
Battle Creek are well differentiated from all otherdiversions entrain (capture) fish as they are
samples of steelhead from California. migrating. Channelization, levee construction, and

I land use have led to degradation and loss of woody
In reviewing the status of Central Valley steelhead,debris, shaded riverine aquatic, riparian corridors
NMFS concluded that ESU is in danger of and forests, and floodplain functions and habitats.

i extinction because of the widespread degradation,
destruction, and blockage of freshwater habitatsA host of other factors has also contributed to the
and the potential results of continuing habitatdecline of the steelhead trout, but perhaps to a

i destruction, water allocation problems, andlesser degree. These include the various smaller
interactions between introduced and native stocks,water diversion facilities and dams; extensive loss

of rearing habitats in the lower Sacramento River,
San Joaquin River, and Sacramento-San Joaquin

I FIGURE 1. Sacramento River Steelhead through levee construction and marshlandestuary
Adiusted Counts at Red Bluff Diversion Darn reclamation; and the interaction and predation by

~o. non-native species.
18 ............. Nataral Es~:~n~t

16-
~- Natural Spawning Tr~

~ ,2-2. VISION

The vision for Central Valley steelhead trout is to

I achieve naturally spawning populations of
o- sufficient size to support inland recreational fishing

"~%%�"%"~%0"~’~’~’~’~’~’~-¢-4~%%’~’~*-~%~-~%0"~%%~’~*and that fully use existing and restored habitat

i Steelhead are somewhat unique in that they dependareas. Achieving this vision will primarily requireon essentially all habitats of a river system,restoring degraded spawning and rearing habitats,
Steelhead use the estuary for rearing and adaptingenhancing fish passage to historic habitat, and
to saltwater. The main channel is used forI supporting angling regulations consistent withmigrating between the ocean and upstream

steelhead trout population recovery. This vision isspawning and rearing areas. The tributaries areconsistent with restoring populations of steelhead

I used for spawning and rearing. They are,to levels that eliminate the need for any futuretherefore, found in virtually all ecological zones
protection under the State and federal Endangeredand many of their respective ecological units.          Species Acts (ESAs). To achieve this vision,

I Overall, the decline ’ of the steelhead troutecological functions and processes that create and
sustain steelhead habitats would be maintained andpopulation resulted from the cumulative effects of
restored and stressors and known sources ofdegrading habitats and environmental processesmortality would be reduced or eliminated.I and functions. Constructing dams on the larger

rivers and streams eliminated access to critical
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The strategy for attaining this vision is to restore[] Screen irrigation diversionsaffecting
degraded spawning and rearing habitat in downstream migratingsteelhead.
tributaries; restore access to historic habitat that is
partially or completely blocked; support anglingWithin the broad context of ecosystem restoration,
regulations consistent with restoring ecosystemsteelhead restoration will include a wide variety of
processes and functions; support additionalefforts, many of which are being implemented for
research to address large deficiencies in other ecological purposes or which are not specific
information regarding steelhead freshwater andto steelhead trout. For example, restoration of
ocean life history, behavior, :habitat requirements,riparian woodlands along the Sacramento River
and other aspects of steelhead biology; and providebetween Keswick Dam and Verona will focus on
opportunities for angling and nonconsumptivenatural stream meander, flow, and natural
uses. revegetation/successional processes. These will be

extremely important in providing shaded riverine
In addition, the strategy includes operating Centralaquatic habitat, woody debris, and other necessary
Valley hatcheries to protect .and maintain thehabitats required by lower trophic organisms and
existing genetic diversity of naturally spawningjuvenile and adult steelhead populations.
populations and provide hatchery-produced fish for
a healthy recreational fishery. ’ Operation of the Central Valley water storage and

conveyance systems for their potential ecological
NMFS has recommended general conservationbenefits can be one of the more important elements
measures for steelhead throughout their Pacificin restoring a wide spectrum of ecological
coast range. These conservation measures, whenresources, including steelhead trout.
applied to the Central Valley, include the
following: Inadequate connectivity between upstream holding,

spawning, and rearing habitat in certain tributary
Implement land management practices thatstreams has impaired or reduced the reproductive
protect and restore habitat. Existing practicespotential of some steelhead stocks. Providing
that may affect steelhead include timberstream flows, improving fish ladders, and
harvest, road building, agriculture, livestockremoving dams will contribute to efforts to rebuild
grazing, and urban development, steelhead populations.

¯ Review existing harvest regulations to identifyOne critical effort will be to co~duct the necessary
any changes that would further protect Centralevaluations and analyses to determine the potential
Valley steelhead, benefits and consequences of reintroducing certain

steelhead stocks above major dams to provide
[] Incorporate practices to minimize impacts on access to historic spawning and rearing areas. The

native populations of steelheffd into hatcherypotential transfer of adult fish above the dams may
programs, be straightforward, but the successful emigration

downstream by juveniles cannot be ensured.
[] Make provisions at existing dams to allow the Juvenile salmonid passage at large dams in the

upstream passage of adult steelhead. Columbia River basin has had little success and the
viability of this option to protect and restore

[] Provide adequate headgate and staff gagenaturally spawning steelhead trout in the Central
structures at water diversions to control andValley is unknown.
effectively monitor water usage, and enforce
water rights.
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INTEGRATION WITH OTHER ¯ Central Valley stream temperatures,

RESTORATION PROGRAMS ¯ Bay-Delta hydraulics,

¯ Bay-Delta aquatic foodweb, and
Two major programs to restore steelhead trout
populations exist within the Central Valley. The¯ Upper watershed health and function.
U.S. Fish and Wildlife Service’s goal, as
established by the Central Valley ProjectHabitats used by steelhead trout during their
Improvement Act is to double the naturaljuvenile or adult life stages include:
production of Central Valley anadromous fish
stocks by 2002 (USFWS 1995). The California ¯ Tidal perennial aquatic habitat,
Department of Fish and Game is required under
State legislation (The Salmon, Steelhead Trout and̄ Delta sloughs,
Anadromous Fisheries Program Act of 1988) to
double the numbers of steelhead estimated to havē Midchannel islands and shoals,
been present in the Central Valley in 1988
(McEwan and Jackson 1996, Reynolds et al. 1993, ¯ Saline and fresh emergent wetlands, and
and McEwan and Nelson 1991).

¯ Riparian and riverine aquatic habitats.
Each of these steelhead trout restoration programs
has developed specific restoration goals for CentralStressors tha.t adversely affect steelhead trout or its
Valley steelhead trout stocks. Implementation ofhabitats include:
the steelhead vision strategy will contribute to each
agency’s program through the restoration of critical̄ Water diversions,
ecological processes and functions, restoration of
habitats, and reduction or elimination of stressors.̄ Dams, reservoirs, weirs, and other human-

made structures,

LINKAGE WITH OTHER ¯ Levees, bridges, and bank protection,

¯ Dredging and sediment disposal,ECOSYSTEM ELEMENTS

¯ Gravel mining,
trout are closely dependent on ecologicalSteelhead

processes and habitats and adversely affected by ā Predation and competition,
variety of stressors.

¯ Contaminants,
Important ecological processes the directly
influence the health of steelhead trout or its habitat̄ Harvest, and
include:

¯ Artificial propagation programs.
¯ Central Valley streamflows,

¯ Natural sediment supply,

¯ Stream meander corridors,

¯ Natural floodplain and flood processes,

~ C.~m)
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IMPLEMENTATION OBJECTIVE~ [] Improve estuary habitat.

TARGETS~ AND PROGRAMMATIC ¯ Manage and operate the four hatcheries in the
Central Valley that propagate steelhead inACTIONS
order to protect the genetic diversity of
naturally and hatchery produced stocks.

The implementation objective for steelhead trout is̄
Provide sufficient flows in lower tributaries forto ensure the recovery of this species, which is

proposed for listing under the federal Endangered
immigration and emigration to improve

Species Act (ESA), to sufficient population size to migration success.

support inland recreational fishing and fully usē Reduce losses to unscreened diversions.
existing and restored habitat areas in order to
contribute to overall species richness and diversity
and reduce conflict between the need for its

.¯ Reduce fish mortality in the recreational

protection and other beneficial uses of water in the fishery.

Bay-Delta. ¯ Implement programmatic actions proposed in

The short-term approach for restoring steelhead the 14 ecological zone visions to help achieve
steelhead targets by creating and Sustaining

populations is to support the management and improved habitat conditions and reducing
restoration of each stock to maintain the to the
adult population at a ratio much greater than 1.0

sources of mortality.

while the individual stocks are rebuilding to
desired levels. Recruitment rates greater than 1.0
indicate that the number of young fish reaching REFERENCES
adulthood exceeds the size of the parental
population that produced them.

M.cEwan, D. And T.A. Jackson. 1996. Steelhead
The long-termapproach is to contribute to Restoration and Management Plan for
maintaining cohort replacement rates at 1.0 when California. California Department of Fish and
the stocks approach the desired population goals. Game. 234 p.

The following actions would help to achieve theMcEwan, D., J. Nelson. 1991. Steelhead
short- and long-term restoration of Central Valley restoration plan for the American River.
steelhead populations: Department of Fish and Game. 40 p.

¯ Implement a coordinated approach to restore Mills, T.J., D.R. McEwan, and M.R. Jennings.
ecosystem processes and functions. 1996. California salmon and steelhead:

beyond the crossroads, p. 91-111. In D.
¯ Implement measures to restore habitat when Stouder, P. Bisson, and R. Naiman, (eds.),

restoration of ecosystem processes and Pacific salmon and their ecosystems: status
functions is not feasible, and future options. Chapman and Hall, New

York.
¯ Protect spawning and rearing habitat in upper

tributary watersheds. Mills, T.J. and F. Fisher. 1994. Central Valley
anadromous sport fish annual run-size,

¯ Improve riparian corridors in lower tributaries harvest, and population estimates, 1967
and rivers, through 1991. California Department of Fish
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and Game, Inland Fisheries Technical Report,
Revised August 1994. 70 p.

Reynolds, F.L., T.J. Mills, R. Benthin, and A.
Low. 1993. Restoring Central Valley
Streams: A Plan for Action. California
Department of Fish and Game. 189 p.

USFWS 1997. Revised draft anadromous fish
restoration plan: a plan’to increase the natural
production of anadromous fish in the Central
Valley of California. U. S. Fish and Wildlife
Service, May 30, 1997.112p.
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STRIPED BASS I

sustained survival including increasing
populationof economically important species.

Major factors that limit striped bass contribution to
the health of the Delta are streamflow, water
diversions, spawning and rearing habitat, legal and
illegal harvest, predation and competition from
non-native fishes, and reduce survival from
contaminants in the water.

INTRODUCTION
RESOURCE DESCRIPTION

The striped bass is an important non-native
anadromous sport fish with high recreation value.Striped bass were introduced into the Bay-Delta
It also plays an important role as a top predator infrom the east coast of the United States in 1879,
the Bay-Delta and its watershed. Striped bass is anFor the past century, they have been an important
important element of the ecosystem for severalsport fish,, commercial fish, and top predator within
reasons and guidance in developingthe Bay-Delta and upstream rivers. They adapted
recommendation for this species originates fromwell to the complex habitat conditions of the
the ecosystem quality goal and objectives. The goalestuary and remain the premier sport fish of the
of the ecosystem program is: Bay and Delta. Anglers seek out striped bass along

the coast, in the Bay and Delta, and in the lower
¯ Improve and increase aquatic and terrestrial portions of the Sacramento and San Joaquin Rivers

habitats and improve ecological functions in and their tributaries. Striped bass are also an
the Bay-Delta to support sustainable important recreational resource in the waterways of
populations of diverse and valuable plant and the State and federal water projects south of the
animal species. Delta.

The ecosystemobjectivesare: In the Sacramento River, striped bass are
commonly found from Princeton downstream to

¯ (A) Improve and increase aquatic habitats so the Delta and in the lower Feather and American
that they can support the sustainable Rivers. In the San Joaquin basin, they are found in
production and survival of native and other the lower Stanislaus, Tuolumne, and San Joaquin
desirable estuarine and anadromousfish in Rivers. Striped bass spawn primarily in the
the estuary, Sacramento River between Colusa and Sacramento

and in the San Joaquin Rivhr portion of the Delta.
¯ (B) Improve and increase important wetland

habitats so that they can support the Juvenile rearing habitat include sloughs, river
sustainable production and survival of wildlife channels, and bays of the western Delta and Suisun
species, and Bay. In wet years young fish rearing" habitat

extends into San Pablo Bay and adjacent tidal
¯ (3) Increase population health and population sloughs and marshes. Yearling striped bass are

size of Delta species to levels that assure found throughout the Bay and Delta. Adult striped

~ ~
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bass are widely distributed from the ocean to theThe number of juveniles lost at south Delta export
rivers, facilities was in the tens of millions in some years

during the 1960s to mid-1970s, and again in the
The number of adult striped bass and youngmiddle to late 1980s. The estimated loss in 1974
produced each year have declined dramaticallyexceeded 100 million juveniles. Although
over the past several decades. The total adultsubsequent export losses have decreased, the rate
population has declined from about 3 million fishof loss per unit of population has greatly increased
in the 1960s to 1.5 million in the early 1970s.as population abundance has declined.
More recent estimates are 500,000 to 700,000
adult fish. A greater decline has occurred in olderThe number of adult spawners has dropped to such
fish, possibly the consequences of greater numberslow levels in recent years that there may no longer
of older fish migrating to coastal waters, or higherbe sufficient eggs spawned to bring about quick

of individual adults from contaminants in in the Goodmortality recovery population. juvenile
the water, production even when flows and habitat are

excellent for survival is limited by reduced adult
The decfine in the adult population of striped bassspawning populations.
has been accompanied by a decline in the
production of young. The young bass abundanceIn addition to the low survival of young fish and
index for summer, when they are 1.5 inches long,their low entry into the adult spawning population,
has declined dramatically, especially during themortality rates of adults have increased despite
recent drought of the late 1980s and early 1990s,reduced harvest rates in the sport fishery. The
and has not recovered. Factors related to andhigher mortality rates are particularly evident in
believed to contribute to this decline include theolder adults, and may be a result of effects of
following: toxins, poaching, marine mammal predation, or

combinations of these and other factors.
¯ Low spring flows in the Sacramento River are

believed to reduce survival of eggs and larvaeOther factors possibly contributing to the decline
by creating poor water quality conditions, and low abundance of striped bass include toxins
reducing plankton food supply, and increasing that reduce survival of young bass or their food
vulnerability to water diversions, supply, competition or predation by recently

established, non-native fishes, such as gobies, or
¯ Low freshwater flows the Delta and food caused the influx of Asiathrough poor production by

Sui~un Bay may limit the production of food clams. Both the gobies and Asia clams were
organisms during critical early life stages ofintroduced from ballast water released from ships
striped bass. from Asia.

¯ Low Delta outflow may limit transport of eggs,
larvae, and juvenile striped bass into quality VISION
nursery grounds of Suisun Bay and away from
water diversions in the Delta.

The vision for striped bass is to restore populations¯ Higher transport of Sacramento River water
to their 1960s level of abundance to support a sport

across the Delta toward the south Deltafishery in the Bay, Delta, and tributary rivers, andpumping plants moves more striped bassto reduce the conflict between protection of striped
young into areas where they are morebass and other beneficial uses of water in the Bay-
susceptible to entrainment into agriculturalDelta.
diversions or water project export pumps.
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Over the past two decades, a major focus of stripedReducing the extent and effect of stressors on
bass recovery efforts has been Delta outflowstriped bass will also be important to their
enhancement and restrictions on spring and earlyrecovery. Reducing losses of young striped bass at
summer water exports. The recent 1995 Waterwater diversions in the Delta and Bay, particularly
Quality Control Plan provided interim provisions the very high losses at the south Delta pumping
for improving spring Delta outflows and limitingplants of the State and federal water projects, will
exports, but did not address summer outflows orbe most important. Improvements are needed to
effects of water exports in summer or fall. Thisupgrade the two fish protection facilities to reduce
vision anticipates further improvements in thethe loss of young bass to entrainment into the
following: pumping plants, and to reduce indirect losses to

predators associated with the fish protection
¯ spring Delta inflows and outflows in drier facilities. Pumping plant operations could also be

when more flow is needed for successful reduced during periods of high losses.years
spawning,                               ’ ’

Longer term actions may involve relocating the
¯ Bay-Delta foodweb production, pumping plant intakes,, screening or reducing the

number of small water diversions to agricultural
¯ transporting egg and larval striped bass tolands in the Delta, and continuing to find ways to

nursery grounds in SuisunBay, reduce entrainment losses into cooling water
diversions at two power plant complexes in the

¯ reducing the effects of water exports from theDelta. Limiting further introductions of non-native
Delta, especially exports that reverse thespecies and redu.cing the input of contaminants into
natural flow patterns in the Delta. Central Valley waterways may also be important to

striped bass recovery. In the short-term, recovery
Although deterioration of habitat may not be amay depend on supplementing natural
major factor in the decline of striped bass, it couldreproduction with hatchery and pen-reared striped
be an important detriment to their recovery,bass, and possibly reducing illegal and legal
Protecting, improving, and restoring a substantialharvest. Management actions fo? striped bass need
amount of shallow-water habitat in the Bay andto be carefully evaluated and structured to avoid
Delta may improve the food supply for striped adverse affects on native species.
bass, as well as provide more area for rearing
juvenile striped bass. An improved food supply
and increased rearing area may help overcome INTEGRATION WITH OTHER
other factors that have little potential for change
(e.g., predation and competition from non-native RESTORATION PROGRAMS
species). Increases in tidal wetlands will provide
tidal channels that are important rearing habitat for
juvenile striped bass. Improvement and restorationEfforts to restore striped bass in the Centra! Valley
of shallow waters and riparian vegetation alongwould involve cooperation and support from other
levees and channel islands in the Delta mayprograms underway to restore striped bass and
provide further important habitat for young stripedother important fish.
bass. Habitat improvements are expected to also
increase the abundance of shrimp and small fish̄ The Central Valley Project Improvement Act
that are important prey of young and adult striped (CVPIA) calls for implementing changes in
bass and may lead to higher striped bass survival flows and project facilities and operations by
rates. 2002 that lead to doubling of the striped bass

population.
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¯ The Salmon, Steelhead Trout, and̄ restore population to levels of the 1960s,
Anadromous.Fisheries Program Act of 1988 ¯ maintain flow in the Sacramento River at
requires the DFG to restore striped bass in the Sacramento at 13,000 cfs in the spring,
Central Valley.

¯ improve health of average individual striped
¯ The State Water Resources Control~Board will bass in population,

implement the Water Quality Control Plan for
the San Francisco/Sacramento-San Joaquin̄ reduce the rate of illegal harvest of striped
Delta estuary that will include provisions to bass, an
limit entrainment in diversions and protect
habitat conditions for Sacramento splittail, ¯ reduce the percentage of young striped bass
chinook salmon, striped bass, and other lost to entrainment at water diversions.
species.

General programmatic actions which will help to
meet the targets for striped bass include:

LINKAGE WITH OTHER ¯ protect and restore shallow water, tidal slough,
ECOSYSTEM ELEMENTS            and wetlands habitats,

¯ improve aquatic foodweb,
Because striped bass are predators, they could
affect efforts to recover populations of a number of̄ maintain 13,000 cfs flow in lower Sacramento
native fishes of the Central Valley including River in the spring months of all but driest
chinook salmon, steelhead, delta smelt, longfin years,
smelt, and Sacramento splittail. Consequently, it
wilt be necessary to consult and cooperate with thē increase Delta outflow in spring of dry and
National Marine Fisheries Service and U.S. Fish below normal years,
and Wildlife Service under the federal Endangered
Species Act (ESA) and DFG under the California ¯ reduce the introductions of non-native aquatic
ESA. organisms into the Bay-Delta,

¯ improve water quality of the Bay-Delta,

IMPLEMENTATION OBJECTIVE~
¯ provide greater enforcement to reduce illegal

TARGETS~ AND PROGRAMMATIC harvest,
ACTIONS

¯ reduce losses of eggs, larvae, and juvenile
striped bass at water diversions,

The implementation objective for striped bass is to
restore its population levels to those of the 1960s̄ upgrade fish protection facilities at south Delta

to contribute to a fishery in the Bay-recreational pumpingplantsandpowergenerationplantsin

Delta. Increased population levels of striped bass the Delta, and

would reduce conflict between the need for its
and other beneficial uses of water in the ¯ supplement striped bass population with pen-protection

Bay-Delta. reared and hatchery-reared striped bass as
needed until natural production is adequate to

General targets for striped bass are: sustain the population at target level.
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AMERICAN SHAD

¯ (3) Increase population health and population
size of Delta species to levels that assure
sustained survival including increasing
population of economically important species.

Major factors that limit the contribution of the
American shad to the health of the Delta are
streamflow, aquatic habitat, and food supply.

INTRODUCTION                                  RESOURCE DESCRIPTION

American shad is an important non-nativeThe American shad was introduced into Central
anadromous sport fish with high recreational value.Valley rivers from the east coast in the 1870s and
It migrates in spring from the ocean into the Bay-1880s. It adapted well to the complex habitatDelta and upstream to spawn in Central Valleyconditions of the rivers and estuary. It continues torivers. Newly hatched young spend their first

be an important sport fish in the Sacramento,summer in the rivers and Delta before migrating
downstream to the ocean in fall. American shad isFeather, Yuba, and American Rivers and has

an important element of the ecosystem for several
extended its range as far north as the Columbia
River. Adults (age 3-5) migrate into the riversreasons and guidance in developing

recommendation for this species originates fromfrom the ocean to spawn from late April through

the ecosystem quality goal and objectives. The goalJune. Some may remain in the rivers through
August before returning to the Bay-Delta andof the ecosystem program is: ocean. Many die during the spawning run, but

¯ Improve and increase aquatic and terrestrial about 30% of the runs are made up of repeat

habitats andimprove ecological functions in spawners. In the Sacramento River system,

the Bay-Delta to support sustainable American shad are commonly found from Red

populations of diverse and valuable plant and Bluff downstream to the Delta and in the lower
Feather, Yuba, and American Rivers. Americananimal species,
shad populations are small in the San Joaquin
basin compared with those in the SacramentoThe ecosystem objectives are:                       basin.

¯ (A) Improve and increase aquatic habitats so
that they can support the sustainable When the adult population was measured in 1976

production and survivalofnative and other
and 1977, the total Central Valley run was

desirable estuarineand anadromous fish in TheeStimatedcaliforniaat 3 milliOnDepartmentand 2.8 milliOn,of Fishrespectively’and Game
the estuary,

(DFG) has conducted annual fall midwater trawl

¯ (B) Improve and increase important wetland
surveys in the Delta since 1967 to monitor trends

habitats so that they can support .the
in the population’s health. Juvenile shad catch has
generally been higher in wetter years (1967, 1969,sustainable production and survival of wildlife
1975, 1978, 1980, 1982, and 1983) and lower inspecies, and dry years (1968, 1972~ 1976, 1977,.1984, and

I
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1987). The production index was relatively high,̄ Poor water quality and low spring flows may
however, in two recent dry years (1990 and 1991). limit production of American shad in the San

Joaquin River and its tributaries.

~ ¯ Diversion. dams on valley rivers limit
American shad from moving into potential
spawning reaches. Examples include th~ Red
Bluff Diversion Dam on the Sacramento
River, Daguerre Dam on the Yuba River, and

Dam the Mokelumne River.Woodbridge on

Shad are generally unable to use the fish
........................ ladders provided at these diversion dams.

Index of Juvenile American Shad Abundance in Fall Midwater
Trawl Survey ¯ Pollutants may affect the production and run

size of American shad by reducing survival of
Ocean, estuary, and river conditions affect overall young and their food supply.
shad abundance. Growth and survival in the ocean
may be affected by E1 Nifio (ocean fi)arming).Harvest rates of adult shad in the sport fishery are
Water temperatures and flows are imPortant habitatlow and have little impact on production of
factors in the spawning rivers of the Central.American shad.
Valley. River flows trigger the shad to move into
rivers and affect their selection of spawning
locations among and within the rivers. Water VISION
temperatures determine the onset of spawning (59-
68 ° F). High water temperatures (above 68 ° F) may
reduce adult survival. Factors believed to affectThe vision for American shad is to maintain aAmerican shad production in the. Central Valley

naturally spawning population that supports a sportinclude the following: fishery similar to the fishery that existed in the
1960s and 1970s. AchieVing this vision will¯ Low flows in spring may delay or hinder shad
reduce the conflict between protection of thisfrom moving into the rivers to spawn. During

their upstream migration through the Delta,species and other beneficial uses of water in the
Bay-Delta.

adult shad may delay spawning or may die
because of the higher water temperatures       A major focus of Central Valley fish recovery

efforts over the past two decades has been on flowresultingfromlow flows. Low flowsalsomay
reduce downstream transport of eggs andenhancement in streams and rivers. Natural riverlarvae to productive nursery areas, flows in dry and normal water-year types has been

m Transport of Sacramento River water south
reduced, particularly in . spring, by water

across the Delta and toward the south Delta
development in the Central Valley. The 1995
December Delta Accord provided interim

pumping plants may carry more American for flows. Furtherprovisions improvingspring
shad young into the southern Delta and awayimprovements are anticipated under the Central
from their primary migration path to the ocean.
Under low Delta outflow, shad young may be

Valley Project Improvement Act (CVPIA).

more susceptible to loss at agriculturalThe restoration of American shad vision requires
diversions and water project export pumps, further improvements in drier years when more
Annual losses of juveniles at south Delta. flow is needed to attract American shad to
exportfacilitiesreachintothemillions. upstream spawning areas in the rivers and major
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tributaries, including the American, Feather, and DFG is required under State legislation to
Yuba Rivers, and to transport egg and larval shad restore American shad in the Central Valley.
to nursery grounds in the lower rivers and Delta. = The Lower American River Task Force and

Water Forum will improve flows and habitat
Habitat improvements could contribute to increases in the lower American River that will benefit
in American shad runs. Protecting, improving, and American shad.
restoring shallow-water habitat in rivers and the
Delta may improve the food supply for American¯ The State Water Resources Control Board will
shad and provide better rearing habitat. Improved implement the Water Quality Control Plan for
food supply and rearing habitat may help to the San Francisco/Sacramento-San Joaquin
overcome other factors that are unlikely to change Delta estuary that will include provisions to
(e.g., the presence of competing non-native limit entrainment in diversions and protect
species), habitat conditions for Sacramento splittail,

chinook salmon, striped bass, and other
Reducing the extent and effect of stressors will species.
further benefit American shad runs. Most
important will be reducing loss of young American
shad at water diversions in rivers and the Delta, LINKAGE WITH OTHER
especially large losses at the south Delta pumping
plants of the State and federal water projects. The ECOSYSTEM ELEMENTS
two fish protection facilities should be upgraded to
reduce entrainment of young American shad in the
pumping plants and the concentrations of predatorsActions to restore populations of salmon,
associated with the fish protection facilities,steelhead, striped bass, and Delta native fishes are
Screening or reducing the number of the manylikely to benefit the runs of American shad.
small water diversions to agricultural lands in the
Delta may also provide benefits. Limiting further
introduction of non-native species and reducing theIMPLEMENTATION OBJECTIVE~
input of toxic pollutants into Central Valley
waterways will also provide benefits. TARGETS~ AND PROGRAMMATIC

ACTIONS

INTEGRATION WITH OTHER
RESTORATION PROGRAMS The implementation objective for American shad

is to maintain naturally spawning populations that
support sport fisheries similar to fisheries that
existed in the 1960s and 1970s to contribute to the

Efforts to maintain American shad runs in Centralrecreational use of the Bay-Delta. Meeting this
Valley rivers would involve cooperation andobjective would reduce conflict between the need
support from other established programs underwayfor protection of this species and other beneficial
to restore American shad and other important fish.uses of water in the Bay-Delta.

¯ CVPIA (PL 102-575) calls for doubling the The general target for American shad is to improve
American shad population by 2002 throughproduction of young, particularly in dry years as
changes in flows and project facilities andmeasured in the DFG fall mid-water trawl survey.
operations.

¯ The Salmon, Steelhead Trout, and
Anadromous Fisheries Program Act of 1988

~ ~
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Programmatic actions that would help improve
American shad populations in Central Valley rivers
include the following:

[] Provide additional Sacramento, Feather, Yuba,
and American River flows in spring of dry and
normal water years to attract adult spawners
and transport young downstream to productive
nursery habitat.

[] Remove barriers to American shad migrations
in the Sacramento, Yuba, and Mokelumne
Rivers.

[] Reduce adverse effects of water diversions on
American shad in fall.

[] Allow the first natural pulse of flow in the fall
to pass through the Delta to the Bay to help
juvenile American shad migrate to the ocean.

[] Upgrade existing fish protection facilities at
south Delta pumping plants of the Central
Valley Project and the State Water Project.

[] Reduce the number, screen or upgrade
screening, or relocate diversions that entrain
American shad in the rivers and Bay-Delta.
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RESIDENT FISH SPECIES

smelt, a close relative of the delta smelt
introduced by DFG to improve the foodweb of
foothill reservoirs, now potentially threatens the
delta smelt population through interbreeding and
competition.

Factors contributing to the decline of some

Sacramento Perch important resident species include predation and
competition of non-native species, loss and

~.~~ degradation of habitat, poor foodweb productivity,
losses to water diversions, and reduced survival
from exposure to toxins in the water.

Largemouth Bass I~SOURCE DESCRIPTION

Resident species compose the bulk of species
found in fresh and low-salinity water (i.e., less
than 4 parts per thousand [ppt] salinity) of the

White Catfish                            Sacramento-San Joaquin Delta estuary. Resident
species i~epresent an important component of sport
catch (e.g., white catfish, largemouth bass, and

INTRODUCTION bluegill); the historical native fish fauna (e.g., tule
perch, Sacramento blackfish); and forage fish
(e.g., threadfin shad).

Native resident fish species of the Delta are
important ecologically and as indicators ofAs with other Delta species, the habitat of resident
ecosystem health. Some, such as the tule perch,fishes has been greatly diminished by human-
Sacramento sucker, and threespine stickleback,caused actions. Increased habitat and expanded
are important elements of the Bay-Delta foodweb,distribution and abundance of resident species can
Other, such as the Sacramento squawfish, arebe realized through restoring habitat together with
important predators. Native resident fishes haveimproving natural ecological processes and
declined as a percent of the total fish speciesfunctions.
abundance of the Bay-Delta and its watershed.

Spawning and rearing habitat includes shallow
Non-native resident fishes include many speciesedgewaters bordered by healthy riparian and
introduced to improve the foodweb and sport aquatic plants that provide protective, food-rich
fishing including threadfin shad, white catfish,environments. Productive edgewater habitats are
and largemouth bass. ~ Others, such as thecurrently very limited in the Delta. Many resident
yellowfin goby, have been accidently introducedDelta species inhabit shallow areas that have
in the ballast water of ships. While some speciesstructural diversity provided by. riparian and
are considered desirable, other are undesirableaquatic vegetation. Levee construction in the.
because they compete with or prey upon desirable1800s created narrow channels and eliminated
native and non-native fish. The wagasagi, or pondvast areas of tule marsh, areas most likely

~., ~
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35 . Food availability, toxic substances, and

~. 1 competition and predation are among the factors

il]ii1 .....

,,tm~,.~
influencing abundance of resident species. In3o -.-~. ~.t~,,~ ~
addition, harvest of many resident species for

~. food and bait by sport anglers may affect
¯ ": ~ abundance.

: : .," ".. .:: ~ ~

lo ~/ ::~.~ ~" "-" The vision for resident fish species is to maintain
5 and restore the distribution and abundance of

native species, such as Sacramento blackfish,
o hardhead, rule perch, and Sacramento perch; and
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ non-native species, such as white catfish,

Index of Native and Introduced Fishes in
largemouth bass, and threadfin shad, to support a

Suisun Marsh Trawl Survey sport fishery and healthy nongame fish
populations. Although the Sacramento perch no
longer occurs in the Delta, it is included with

important as spawning and rearing habitat forresident native species because actions to
Delta species. Levee maintenance programs thatmaintain and restore other resident species
remove riparian vegetation and dredging continuepopulations would benefit Sacramento perch into reduce the quality of shallow water habitat usedthe event they are reintroduced to the Delta.
by resident species. Erosion caused by increased
flow velocity, changes in channel structure, andEcosystem processes are closely tied to habitat
boat wakes continues to reduce remnant riparian,restoration needs and actions. Resident species
marsh, and channel island habitats¯ Waterwould benefit from conditions to maintain
hyacinth and other exotic aquatic plants now clogproductivity and suitability of spawning and
many sloughs that are important habitat ofrearing habitat (including production of food).resident fish. Actions to rehabilitate ecosystem processes

Losses to Delta diversions (e.g., hundreds of smallinclude: changing Delta configuration, facility

agricultural diversions, Central Valley Project
operations (including Delta diversions and
channel barriers and gates), and Delta inflow and

[CVP] and State Water Project [SWP] export outflow.
pumps, and Pacific Gas & Electric [PG&E] power
generation facilities) may reduce resident speciesStressor reduction is a major component of
abundance through direct entrainment or indirect

restoration and maintenance, of resident species
effects on the prey of resident fish. Largepopulations. A primary concern with regard to
numbers of some resident species (e.g., whitevulnerable species is the reduction of losses to
catfish, threadfin shad) are entrained in Deltadiversions. Actions to reduce losses includediversions.    Other resident species (e.g.,upgrading existing fish protection facilities,
largemouth bass) spend their lives in habitat thatinstalling fish screens on currently unscreened
is in close proximity to where they were spawnedfacilities, removing predators associated with
and are not particularly susceptible to entrainmentdiversions and fish protection facilities, relocating
in Delta. and consolidating existing diversions, changing

seasonal timing of diversions, and reducing the
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number of diversions. Resident species wouldIMPLEMENTATION OBJECTIVE~
also benefit from actions to reduce pollutant input
to streams and rivers in the Sacramento-SanTARGETS~ AND PROGRAMMATIC
Joaquin River basin and may benefit from actions ACTIONS
to prevent introduction of non-native species that
would prey upon or compete with native species
forhabitatandfoodsupply. The implementation objective for resident fish

species is to maintain and restore the distribution
and abundance of resident native fish species,

INTEGRATION WITH OTm l such as Sacramento blackfish, hardhead, tule

RESTORATION PROGRAMS perch, and Sacramento perch, and non-native
species, such as white catfish, largemouth bass,
and threadfin shad, to support a sport fishery and
healthy forage populations. ¯

Efforts to restore and maintain resident species
would involve cooperation and support from other The target for resident fishes is to increase their
established programs that protect and improveabundance indices in the DFG fall midwater trawl
conditions for delta smelt, striped bass, and othersurvey and Suisun Marsh Trawl Survey to
species, historical levels (e.g., 20 units or higher in the

Suisun marsh Trawl survey).
[] The Recovery Plan for the Sacramento/San

Joaquin Delta native fishes will be consideredResident species would benefit from the following
in the development of actions, general restoration activities:

[] Central Valley Project Improvement Act will [] adding and modifying physical habitat,
~ implement actions that will benefit resident

species, including changing the timing of[] breaching levees to inundate existing islands,
diversions and restoring habitat.

[] setting levees back to increase shallow-water
[] The State Water Resources Control Board habitat along existing channels,

will implement the Water Quality Control
Plan for the San Francisco/Sacramento-San¯ restoring riparian areas,
Joaquin Delta estuary that will include
provisions to limit entrainment in diversions[] protecting existing shallow-water habitat
and protect habitat conditions for Sacramento from erosion,
splittail, chinook salmon, striped bass, and
other species. ¯ filling relatively deep water areas with

sediment to create shallow-water habitat,

LINKAGE WITH OTHER ¯ eliminating water hyacinth and other noxious
aquatic plants from Delta channels and

ECOSYSTEM ELEMENTS sloughs,

[] upgrading existing fish protection facilities at
Restoration efforts relating to resident fish will be South Delta pumping plants,
closely tied with efforts for delta smelt, longfin
smelt, and splittail. ¯ installing screens on unscreened diversions,
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I ¯ removing predators at diversions,

¯ relocating, or consolidating diversions,

¯ reducing concentrations of toxins in Bay-
Delta waters, and

¯ preventing further introductions of non-native
aquatic organisms.
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MARINE/ESTUARINE FISHES AND LARGE INVERTEBRATES

There are many species of marine/estuarine fish
and larger invertebrates that live in and depend on

~
the Bay or Delta for at least a portion of their life
cycles. Some of these are important contributors to
the ecological health and well being of estuarine,
freshwater, and anadromous fish that inhabit the
Bay-Delta. Some, such as the Pacific herring, ,~

Starry Flounder northern anchovy, starry flounder, shiner perch,
Pacific Herring Dungeness crab, and bay shrimp, depend at least

partially on the Bay-Delta as a nursery for young.
At times, some of these species are among the most

INTRODUCTION abundant in the Bay-Delta and are essential
elements of the foodweb that supports important
fish such as chinook salmon, white sturgeon, and

Marine fishes include many species that arestriped bass.
abundant and important ecologically in the Bay
and coastal waters. Two ecologically importantThe abundance of starry flounder, Pacific herring,
species are the Pacific herring and northernbay shrimp, shiner perch, and other species appears
anchovy, whose young are important in therelated to the amount of freshwater outflow to the
foodweb as prey of salmon, sturgeon, and stripedBay. Freshwater outflow contributes to food
bass, as well as other fish and waterfowl such asproduction, estuarine flow patterns, habitat
cormorants and terns. Pacific herring, Dungenessconditions, and water quality. While some species,
crab, and Bay shrimp also support commercialsuch as the Pacific herring, spawn in the Bay,
fisheries. Starry flounder contribute to the localothers spawn in the ocean and their young migrate
Bay-Delta sport fishery. The Bay and Delta areinto the Bay and Delta, aided by tidal and
essential spawning and nursery areas for manygravitational currents.
marine fish and invertebrates found in the Bay and
coastal waters. The abundance of starry flounder, Pacific herring,

bay shrimp, and shiner perch as measured in
Factors that affect the survival and production ofCalifornia Department of Fish and Game (DFG)
marine fish and invertebrates in the Bay-Delta
include Delta outflow, water diversions, foodweb
productivity, availability and quality of shallow

~°l il i

water and wetland habitats, and water quality.

Improvements in production and survival of ~ ~°7l[] ]~
marine and estuarine fishes in the Bay and Delta ,~
will provide ancillary benefits to important z~
estuarine, anadromous, and resident fishes of the "<
Bay-Delta. o .

Index of Young Shiner Perch from DFG Bay Trawl Survey
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¯ / Bay trawling surveys declined during the 1987- marine/estuarine fish. Low. flows are a
1992 drought; some recovery was evident by 1995. consequence of low rainfall and, more
Generally, low abundance occurred in drier years, precipitation falling as winter rains than as
with this pattern particularly apparent for bay snow and limited winter and spring runoff in
shrimp, starry flounder, and Pacific herring. For dry and normal years being held in basin

i most of the marine/estuarine species, factors ’ storage reservoirs.
relating to the marine environment are also
important and effects are difficult to separate from̄ Low Delta outflows limit transport of larvae

i~ estuary factors, and juveniles upstream into the Delta from the
Bay by limiting estuarine circulation. (Higher

~.,~x, Delta outflow of freshwater on the surface,

i
~

]_ provides greater up-estuary transport of marne

I-~ woo q | I
waters along the bottom.)

Ii
~~~o~!! I

I ¯ Loss of larvae and juveniles into water
diversions in Suisun Bay, Suisun Marsh, and
the Delta may reduce production, especially in

I ~ ~_~! drier years when the percentage of freshwater

I ¯ - diverted is sharply higher than that in wetter
¥,.,~

--
years.

Index of Young Pacific Herring from DFG Bay Trawl Survey
~.~ ¯ Toxic water and sediment may also reduce the

survival of marine/estuarine fish in the Bay
~ ~. and Delta. The effect may be indirect through

~ " -t I poor plankton food supply or direct through
g" ~2J ~ ! egg, larvae, or juvenile poisoning.

i ~ Other factors possibly contributing to the reduced
o ~ ¯ abundance of marine/estuarine fish and large

i , Low abundance of marine/estuarine species has
occurred along with a number.of other changes in ~ ,~, ~ ~ ~- ~ ~ ~ ,,~, ~ ~ ~ ~ ~ ~, ~

i
the estuary that could be a factor in suppressing ¥°’"
populations. Factors related and believed to Index of Immature Bay Shrimp in DFG Bay Trawl Survey

contribute to low marine/estuarine fish abundance
in the Bay-Delta include the following: invertebrates include competition or predation by

i recently established non-native fishes. Two of the
¯ Low outflows in late winter and spring are dominant non-native species, gobies and Asia

believed to reduce movement of youngclams, were introduced from ballast water of ships

I ., marine/estuadne fish into the Bay and Delta.from Asia. Changes in the plankton foodweb from
This would reduce foodweb production, which non-native species may also be contributing to the
affects the survival and production of decline.

i
~ ~
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Reducing the extent and effect of stressors will beVISION
critical to maintaining high seasonal population
levels of marine/estuarine fish in the Bay and

The vision for marine/estuarine fishes is to restoreDelta.

populations to levels that existed in the early 1980s
through restoration of habitat and aquatic foodweb,

Restoring marine/estuarine fish to healthy levels in
the Bay and Delta will allow these species to serveand improvements in winter-spring Delta outflow,
their ecological role in the foodweb of the estuary.
Their restoration will require a multifaceted

A major focus of recovery efforts should be on
enhancement of freshwater outflow in late winter

approach of flow enhancement,habitat

and spring of dry and normal water-year types,
improvements, and stressor reductions.

Natural Delta outflows in dry and normal
water-year types have been reduced particularly in
late winter and spring. Such flows are coincident INTEGRATION WITH OTHER
with the occurrence and productivity of RESTORATION PROGRAMS
marine/estuarine fish and large invertebrates in the
upper Bay and Delta. The 1995 December Accord
provided interim provisions for improvingEfforts to maintain a high abundance of
February-June Delta outflows. Further marine/estuarine fish and large invertebrates in the
improvements are needed in Delta outflows in lateBay would also involve cooperation and supportwinter and spring in drier years, when more flowfrom other established programs to restore habitat
may be necessary to sustain a high abundance ofand fish populations in the basin.
marine/estuarine fish in San Pablo and Suisun
Bays.                                             ¯ Water Quality Control Program for the San

Francisco Bay/Sacramento-San Joaquin Delta
Habitat restoration could play an important part in Estuary (May 1985) and Water Right Decision
maintaining marine/estuarine fish and large

1485(197.8).invertebrates abundance and ecological role in the
Bay and Delta. Protecting, improving, and̄ The Central Valley Project Improvement Act
restoring considerable shallow-water habitat (tidal
wetlands) in the Bay and Delta will improve the (PL 102-575): This program involves actions

that may directly or indirectly benefit
food supply for marine/estuarine fish and provide marine/estuarine fish populations in the Bay
more rearing area. The improved food supply and and Delta.rearing habitat area may help overcome other
factors that have little potential for change (e.g.,̄

The Salmon, Steelhead Trout, andnon-native species). Anadromous Fisheries Program Act of 1988).

Increases in tidal wetlands will provide tidal̄ The California Department ofFish and Game
channels that are important rearing habitat for is required under State legislation to restore
many of the marine/estuarine species. Habitat numbers of anadromous fish in the Centralimprovements should also increase the abundance Valley. Actions include restoring the food
of plankton food for marine/estuarine species. A supply of anadromous fish; that food supply
greater abundance of plankton will lead to includes marine/estuarinefish.improved survival of larvae and juveniles and
increase the available food supply for such
important species as chinook salmon, sturgeon, and
striped bass.
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LINKAGE WITHOTHER ¯ Reduce losses of larvae and juvenile
marine/estuadne fish at water diversions in the

ECOSYSTEM ELEMENTS Bay and Delta, particularly during drier years.

¯ Limit further introductions of non-native
Restoration of madne/estuarine fish and species especially from ship ballast water.
invertebrate populations is integrally linked with
restoration of Delta outflow, tidal wetlands, and¯ Reduce the input of toxic pollutants into
aquatic foodweb, and reductions in stressors Central Valley waterways.
including water diversions, contaminants, and non-
native species introductions to the Bay-Delta.

IMPLEMENTATION OBJECTIVE,
TARGETS, AND PROGRAMMATIC

ACTIONS

The implementation objective for marine and
estuarine fishes and large invertebrates is to
maintain, improve, restore populationsand
these species to levels that existed in the early
1980s. Meeting this objective would contribute to
overall species richness and diversity and reduce
conflict between the need for their protection and
other beneficial uses of water in the Bay-Delta. ~

General targets that will assist in meeting the
implementation objective include:

¯ Increase abundance of marine/estuarine fish
and large invertebrates, particularly in dry
years.

¯ Reduce loss to water diversions.

[] Improve distributions in dry and normal water
years.

General programmatic actions that will contribute
to achieving the targets for madne/esttiadne fishes
and large invertebrates include:

¯ Improve winter/spring Delta outflow.

¯ Restore tidal wetland habitat.

¯ Improve aquatic foodweb.

~__ OJY~
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BAY-DELTA AQUATIC FOODWEB ORGANISMS

.. ] ,
resources of the ecosystem. Foodweb productivity

~ of the Bay-Delta estuary is dependent primarily on

.;. -"~-~,~" . , the supply of nutrients and plant biomass
......~,,~_x~ .~,.-.’ ¯.    ’ -" production and transport (See Bay-Delta Aquatic¯

. ~~ Foodweb Process)..

¯
,-:7,.

¯ Plant communities in the Bay-Delta aquatic
¯ ~-." :..

.. ~" .

foodweb consist mostly of benthic algae and
)/~’ " "’" phytoplankton produced in the estuary and its

watershed, and vascular-plants in riparian and
wetland communities adjacent to the system.
Algae are generally small (diameter <0.1
millimeters [mm]), easily transported, and highly
nutritious. Phytoplankton are related to algae but
small enough to float in the water. Most vascular-
plants, by contrast, are much larger.

INTRODUCTION
The Bay-Delta foodweb has undergone a number
of changes since the 1960s. Most notably,

Bay-Delta aquatic foodweb organisms include~phytoplankton abundance has declined in

bacteria, algae, zooplankton (e.g., copepods andimportant fish nursery areas of Suisun Bay and the
western Delta (Lehman 1996). A pattern of verycladocerans), epibenthic invertebrates (e.g.,low phytoplankton levels in Suisun Bay and thecrayfish, Neomysis and Crangon shrimp), and
Delta beginning in 1987 concerns many scientists.benthic invertebrates (e.g., clams). FoodwebLow levels in Suisun Bay and the Delta since 1986organisms are essential for the survival and
may be the result of high densities of Asian clamsproductivity of fish, shorebird and other higher(PotamocorbuIa amurensis) that colonized the Bay

order animal populations in the Bay-Delta estuary,after being accidentally introduced from the ballast
Some organisms are non-native species (e.g.,waters of ships. Large numbers of the clamscertain zooplankton and Asian clams) that may be

colonized this area of the estuary during thedetrimental to native species and the foodweb in
drought period from 1987 to 1992 (Kimmerer andgeneral. Recent declines in aquatic foodweb

organisms of the Bay-Delta, particularly in drierOrsi 1996).

years, has caused a reduction in overall Bay-Delta
productivity. Important aquatic foodweb Aquatic invertebrate population trends followed

organisms include algae, bacteria; rotifers,thOSespeciesOf phytoplanktonthat once overdominatedthe past threethe decadeS.aquatic
copepods, cladocera, and mysid shrimp,

invertebrate community have become relatively
scarce, while some others have increased in
relative abundance. Many native species have

RESOURCE DESCRIPTIONS become less abundant or more narrowly
distributed, while dozens of new non-native
species have become well established and widely

The foodweb of the Bay-Delta ecosystem consistsdispersed. In general, the abundance of plankton
of all the plants, invertebrates, and other lowerhas declined, while populations of many bottom-
trophic-level organisms that serve as prey for fish,dwelling invertebrates, most notably Asian clams,
water birds,and other higher trophic-level have increased. This transition has been most
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evident in Suisun Bay and other traditionallyX2) or the "entrapment zone" is in Suisun Bay
important fish-rearing areas. Also in these areas,(Arthur and Ball 1979).
populations, of rotifers, copepods, and other
relatively small species have declined substantiallyThe decline of plankton populations in the Bay-
since monitoring began in the 1960s (KimmererDelta may also be a result, at least in part, of the
and Orsi 1996). This pattern is perhaps mosteffects of heavy metals, herbicides, pesticides or
dramatic for the mysid shrimp, which haveother toxic substances. Low concentrations of
declined to less than one-tenth of their formerthese substances in the water column may act
abundance, particularly since 1986 (Orsi andindividually or in combination to reduce
Mecum1996). The continueddeclinefrom1993 productivity of plant and animal plankton.
to 1995, despite the return of higher flows, is ofResearch to determine the effects of these toxicants
particular concern. These declines in zooplanktonon plankton is currently underway.
abundance have roughly coincided with the decline
in algae, one of the main food sources for the
zooplankton. VISION

The deterioration of the zooplankton community
and its.algal food supply in key habitat areas of theThe vision for the Bay-Delta aquatic foodweb
Bay-Delta is a serious problem because stripedorganisms is to restore the Bay-Delta estuary’s
bass, delta smelt, chinook salmon, andotheronce-productive food base of aquatic algae,
species that use Suisun Bay and the Delta as a" organic matter, microbes, and zooplanktonnursery area feed almost exclusively oncommunities.
zooplankton during earl~, stages of their life cycles.
Research indicates that survival and growth of fishRestoring the Bay-Delta foodweb organisms wouldlarvae generally increase with increased

require enhancing plankton growth and reducingconcentration of zooplankton. Declines in theloss of plankton to water exports, particularly in
production of juveniles of these fish species appeardrier years. Several options exist for enhancingto coincide with the declines in algae andplankton growth. Improving Delta inflow and
zooplankton. Modifying the Bay-Delta ecosystem
in ways that will lead to increased algae and

outflow in spring of drier years will be an essential
element of any plan. Other elements includezooplankton abundance may be critical to restoringreducing losses to exports from the system and

Bay-Delta fish populations and improving thereducing the amount of toxic substances enteringhealth of its ecosystem,
the system.

Areas of the Bay-Delta where hydmulic conditionsAdditional improvements can be gained byallow food resources to accumulate in the waterincreasing shallow-water habitat and tidal wetlands
column rather than settling or washing out arein the Bay and Delta..Increasing the acreage of
important habitats for plankton foodweb floodplain lakes, sloughs, and other backwaters in
organisms. This accumulation of food resourcesthe Sacramento River drainage will increase
results from passive processes and from activeorganic matter inputs to the Delta. This increase in
algal, microbial, and zooplankton reproduction, plankton food supply will help increase population
The comparatively benign hydraulic conditions andgrowth.
abundant food resources characterizing the western

Restoring tidal action to leveed lands in San PabloDeltaandSuisunBaypermitthedevelopmentof

high zooplankton populations on which manyBay and Suisun Marsh will increase habitat for
estuarine resident and anadromous fish dependaquatic foodweb organisms. The Yolo and Sutter.during their early life stages. Horizontal salinity

offer toBypasses potentialopportunities produce.stratification enhances this process, especially
more permanent slough, riparian, .and wetland

when the salinity front (sometimes referred to as
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habitats in the Sacramento River floodplain.̄ Central Valley Habitat Joint Venture includes
Setback levees or improved riparian and shallow- restoration of riparian and wetlands of the
water habitat along leveed reaches of the rivers and rivers, Delta, and Suisun Marsh.
Delta offer additional opportunities to increase the
abundance of foodweb organisms in the Bay and̄ California Senate Concurrent Resolution 28
Delta. has set a goal of doubling wetland acreage by

the year 2000.

INTEGRATION WITH OTHER ¯ San Francisco Estuary Project planning for
wetland protection and restoration, and water

RESTORATION PROGRAMS quality protection and improvement.

¯ S.an Joaquin River Management Plan is a plan
Efforts to restore the abundance of Bay-Delta to restore riparian and wetland habitat and
aquatic foodweb organisms would involve the improve water quality in the San Joaquin
cooperation and support from established programs River and its tributaries.
underway to restore habitat and fish populations in
the Bay-Delta including the following: ¯ SWRCB and RWQCB efforts to restore

wetlands and improve water quality of the
¯ The Recovery Plan for the Sacramento-San ’ rivers and Bay-Delta.

Joaquin Delta Native Fishes calls for
improving flows, reducing diversions, and¯ Suisun Resource Conservation District is
increasing habitat, developing wetlandsrestoration and

management plans.
¯ The Salt Marsh Ecosystem Recover~ Plan calls

for improving wetland habitat in the Bay. ¯ Riparian Habitat Joint Venture will restore
riparian habitats.

¯ The Central Valley Project Improvement Act
(PL 102-575) and its associated Anadromous
Fish Restoration Plan include provisions to LINKAGE WITH OTHER
reduce losses of organisms into water
diversions, to restore aquatic habitat, to ECOSYSTEM ELEMENTS
improve water quality, to improve freshwater
flows, and to restore wetland and riparian
habitats in the rivers and Bay-Delta. Improving the abundance and distribution of

important aquatic foodweb organisms of the Bay-
¯ The Steelhead Trout, and AnadromousDelta is integrally linked with wetland and.riparian

Fisheries Program Act of 1988 includes habitat restoration, water quality (contaminants)
elements to improve freshwater flows andimprovement, and Central Valley streamflow
riparian habitats in the Sacramento and Sanimprovements.
Joaquin Rivers and their tributaries.

¯ The Delta Wildlife Habitat Protection and
Restoration Plan include protection and
improvements to riparian and wetland habitats
of the Bay-Delta.
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!
IMPLEMENTATION OBJECTIVE, REFERENCES

TARGETS~ AND PROGRAMMATIC
ACTIONS Arthur, J.F., and M. D. Ball. 1979. Factors

influencing the entrapment of suspended
material in the San Francisco Bay-Delta

The implementation objective for Bay-Delta estuary. Pages 143-174 in T.J. Conomos, ed.,
aquatic foodweb organisms is to maintain, San Francisco Bay: the Urbanized Estuary.
improve, or restore the population densities of Pacific Division, American Association for the
phytoplankton, zooplankton, mysid shrimp, and Advancement of Science, San Francisco, CA.
other invertebrates to sustainable leyels, with
special emphasis on native species. Kimmerer, W., and J.J. Orsi. 1996. Changes in

the zooplankton of the San Francisco Bay
General targets that will assist in meeting the estuary since the introduction of the clam
implementation objective include: Potamocorbula amurensis. Pages 403-424 in

J. T. Hollibaugh, ed., San Francisco Bay:
The Ecosystem. Pacific Division, American

¯ Increase abundance of important food web Association for the Advancement of Science,
organisms to 1960s level of abundance San Francisco, CA.

¯ Reduce influence of non-native species inLehman, P. 1996. Changes in chlorophyll a
foodweb communities concentration and phytoplankton community

composition with water-year type in the upper
¯ Improve distribution of important foodweb San Francisco Estuary. Pages 351-374 in J.

organisms in Bay-Delta. T. Hollibaugh, ed., San Francisco Bay: The
Ecosystem. Pacific Division, American

General programmatic actions that will contribute Association for the Advancement of Science,
to achieving the targets include: San Francisco, CA.

[] increase late winter and spring Delta outflow Orsi, J. J., and W. L. Mecum. 1996. Food
limitation as the probable cause of a long-term

¯ reduce lossestowaterdiversions decline in the abundance of Neomysis
mercedis the Opossum Shrimp in the

¯ opening leveed lands to tidal or seasonal Sacramento-San Joaquin estuary. Pages 375-
floodflows; 401 in J. T. Hollibaugh, ed., San Francisco

Bay: The Ecosystem. Pacific Division,
¯ increasing the array of sloughs in the Delta; American Association for the Advancement of

Science, San Francisco, CA.
¯ reduce influx of non-native species;

¯ protecting and restoring shallows, shoals, and
channel islands in the Delta; and

¯ providing more natural floodplainsand
meander belts along rivers.
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SPECIAL-STATUS PLANT SPECIES

PERENNIAL GRASSLAND Recurved larkspur (Delphinium recurvatum) is
a perennial herb with light blue and white flowers

SPECIAL-STATUS PLANT in the Buttercup family (Ranunculaceae). It is

SPECIES considered a species of concern by the USFWS
and is considered rare, threatened, or endangered
by the California Native Plant Society (List 1B).
Recurred larkspur inhabits poorly drained, fine,

IINTRODUCTION alkaline soils in grassland in the Central Valley
and surrounding foothills of the Coast Ranges
from Colusa County to Kern County (NDDB

Perennial grassland was historically common1996). Much of the larkspur’s habitat has been
throughout the Central Valley. Most perennialconverted to agriculture, and is also threatened by
grassland has been lost or converted into annualgraz!ng.
grassland dominated by non-native species.
Perennial grassland provides important breeding
and foraging habitat for many wildlife species and VISION
supports several special-status plant species,
including fragrant fritillary (Fritillaria liliacea)
and recurvedlarkspur(Delphiniumrecurvatum). The vision for fragrant fritillary, recurved

ilarkspur, and perennial grassland species is to
protect existing populations, promote the recovery

SPECIES DESCRIPTIONS              of the species’ habitat, establish new populations,
and manage occupied sites properly to ensure the
long-term viability of the species. A site-based

Fragrant fritillary (Fritillaria liliacea) is a evaluation of existing populations would be
slender, bulb-forming herbaceous perennial of theconducted, criteria on habitat and populations
Lily family (Lileaceae). Its flowers are white and conditions developed, and all sites ranked based
typically have a green or yellow throat. Fragranton the criteria in terms of low to high quality
fritillary is considered a species of concern by thehabitat. Based on the site rankings, the highest
USFWS and is considered rare, threatened, orquality populations would be protected.
endangered by the California Native Plant Society ~(~
(List IB). Fragrant fritillary occurs primarily in To ensure the long-term viability of the species,
the outer Coast Ranges from Sonoma County tolower quality sites would be evaluated for
Monterey County, .with disjunct occurrences in potential habitat restoration or enhancement
Solano County. Many populations occur onopportunities. Existing populations would be
public lands, and several occurrences are found onexpanded through habitat restoration,
The Nature Conservancy’s Jepson Prairieenhancement, and appropriate management. The
Preserve. The habitat of the species is lowspecies’ grassland habitat would be protected
elevation grasslands or coastal scrub with clayfrom overgrazing and trampling by livestock.
soils, typically characterized by serpentine. TheAppropriate management techniques, such as
primary threats to this species include livestocklowered grazing regime, prescribed bums, and
grazing, agriculture, recreational activities, andexotics control would be evaluated and
urban development (NDDB 1996). appropriate techniques implemented to promote
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The health and vigor of existing and restoredYolo County Habitat Conservation Plan.
populations. Additional efforts to restore habitat for fragrant

fritillary and reeurved larkspur will involve
cooperation with programs managed by several

IMPLEMENTATION OBJECT!VE~ agencies and organizations. These include:

TARGETS~ AND PROGRAMMATIC ¯ Cosumnes River Preserve,
ACTIONS

¯ Grizzly Slough Wildlife Area,

The implementation objective for perennial
¯ Jepson Prairie Preserve,

grassland special-status plant species is to
preserve and restore perennial grassland habitat in

¯ Putah Creek South Fork Preserve,

conjunction with restoration of wetland and
Stone Lakes National Wildlife Refuge, and

riparian habitats. The targets for these species
include identifying and protecting high-qualitȳ

Woodbridge Ecological Reserve.habitats and populations and ensuring the long-
term viability of the species on higher ranked
sites.

LINKAGE WITH OTHER
¯ Acquire lands supporting existing populations ECOSYSTEM ELEMENTS

or develop cooperative relationships with
landowners to protect existing populations,
beginning with the highest quality sites. Fragrant fritillary and recurved larkspur are linked

¯ Develop appropriate methods to protect and with a habitat ecosystem element, perennial

restore habitat and populations of special- grassland. Land use, human disturbance, and non-
native species are stressors that could adversely¯

statusplantspecies.
affect the perennial grassland special-status

¯ Manage protected areas occupied by the       plants.
to conditions favorable forspecies promote

the establishment, growth, and vigor of the LITERATURE CITED
species.

Natural Diversity Data Base. 1996. Record
¯ Conduct a site-based evaluation of search for occurrence ofFritillaria liliaceae

populations and rank sites based on criteria and Delphinium recurvatum. California
developed to assess habitat and populations Department ofFish and Game, Sacramento,
conditions. CA.

INTEGRATION WITH OTHER
RESTORATION PROGRAMS

Restoring perennial grassland is an objective of
the Cache Creek Corridor Restoration Plan and

~ ~
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TIDAL BRACKISH AND the Sacramento-San Joaquin Delta in Contra
Costa, Solano, Sacramento, Yolo, and San

FRESHWATER MARSH Joaquin Counties. Approximately 50 occurrences
ofMason’s lilaeopsis were known in 1991 (DFG

SPECIAL-STATUS PLANT 1991). Populations of this species are small and

SPECIES fractured and few large contiguous sites exist on
non-leveed sloughs or on eroding in-channel
islands.

INTRODUCTION Mason’s lilaeopsis has lost a large amount of its
habitat through direct loss from flood control
structures and rip-rap and through erosion of

Tidal brackish and freshwater marshes occur inremnant in-channel islands. Widening of Delta
transitional areas between open-water and uplandchannels for water transport, dredging and
habitats throughout the Bay and Delta and aredumping of spoils, recreational development, and
importanthabitats for many plant, fish and changes in waterqualityresultingfrom decreased
wildlife oftheBay-Delta. Substantial loss of tidalflows, in the Delta also threaten Mason’s
brackish and freshwater marshes has beenlilaeopsis. Although much of the habitat for
incurred as a result of reclamation and channelMason’s lilaeopsis is privately owned, several
dredging and scouring, leading to the decline ofState and Federal agencies have jurisdiction over
many native fish, wildlife, and plant species,the Delta waterways. One site is protected in
Special-status plants inhabiting Bay-Delta tidalSolano County on a DFG Ecological Reserve.
marshes include Mason’s lilaeopsis (LilaeopsisDFG has been active in coordinating research on
masonii), Suisun Marsh aster (Aster lentus), and trying to transplant the species. The trend for
bristly sedge (Carex comosa), Suisun thistle Mason’s lilaeopsis is one of decline (DFG 1991).
(Cirsium hydrophyllum var. hydrophyllum), soft
bird’s-beak (Cordylanthus mollis ssp. mollis), Suisun Marsh aster. Suisun Marsh aster is a
rose-mallow (Hibiscus lasiocarpus), Delta tule rhizomatous perennial herb in the sunflower
pea (Lathyrus jepsonii var. jepsonii), and Delta family (Asteraceae). Suisun Marsh aster is on
mudwort (Limosella subulata). CNPS’s List lB. Suisun Marsh aster has habitat

requirements and a distribution similar to that of
Mason’s lilaeopsis, but is not known from

SPECIES I)ESCRIPTIONS
Alameda County. Suisun Marsh aster is
threatened by marsh habitat alteration and loss.
Factors leading to marsh habitat alteration and
loss include development, agriculture, recreation,

Mason’s lilaeopsis. Mason’s lilaeopsis is achannelization, channel maintenance activities,
minute, turf-forming perennial plant in the carrotand marsh drainage.
family (Apiaceae). It spreads by rhizomes and
produces long, narrow, jointed leaves. Mason’sBristly sedge. Bristly sedge is a rhizomatous
lilaeopsis is state-listed as rare and is consideredperennial herb in the sedge family (Cyperaceae).
rare, threatened, or endangered by the CaliforniaBristly sedge is considered rare, threatened, or
Native Plant Society ( List 1B). Mason’s endangered in California but more common
lilaeopsis is semiaquatic and is usually found onelsewhere by CNPS (List 2). Bristly sedge occurs
saturated clay soils which are regularly inundatedaround lake margins in~ Contra Costa, Lake,
by waves and tidal action. Its known distributionShasta, San Joaquin, and Sonoma Counties. It is
extends from the margins of the Napa River inalso widespread outside of California, occurring
Napa County, east to the channels and sloughs of
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in Idaho, Oregon, and Washington. Bristly sedgeactivites, competition with non-native plants, and
is threatened by marsh habitat alteration and loss.inadequate regulatory mechanisms also threaten

this taxon (CFR 60(112)).
Mad-dog skullcap. Mad-dog skullcap is a
rhizomatous perennial herb mint familySoft bird’s-beak. Soft bird’s-beak is a sparingly-
(Lamiaceae). Mad-dog skullcap is considered branched, semi-parasitic herbaceous annual plant
rare, threatened, or endangered in California butin the figwort family (Scrophulariaceae). Its
more common elsewhere by CNPS (List 2). Mad- stems are covered by soft hairs, and it bears white
dog skullcap inhabits mesic meadows andtwo-lippedflowers. Soft bird’s-beakisproposed
marshes and in California is known from only 2for federal listing as endangered and is state-listed
occurrences in Inyo and San Joaquin Countiesas rare. Soft bird’s-beak occurs along the northern
(Skinner and Pavlik 1994). Mad-dog skullcap shores of the San Francisco Bay, in Suisun Marsh,
also occurs in New Mexico and Oregon. Mad-dog and in the salt marshes south of Suisun Bay. A
skullcap is threatened by marsh habitat alterationdozen historical occurrences were known from
and loss. Marin to Contra Costa Counties, where the

counties border San Francisco In 199 theBay. 1,
Suisun thistle. Suisun thistle is a perennial herbspecies was known to be extant at only three sites:
in the sunflower family (Asteraceae). It hasBenicia State Recreation Area, DFG land along
slender, erect stems that are 3-4.5 feet tall and arethe Napa River at Fagan Slough, and Point Pinole
well-branched above. The spiny leaves are deeplyRegional Shoreline (California Department of
lobed. The flower heads are pale lavender-roseFish and Game 1992). Recently,. several new
and the flower head bracts have distinct have been discovered at salt marshespopulationsa green,
glutinous ridge on the backl Suisun thistle isnear Martinez and at Suisun Marsh (Natural
proposed for federal listing as endangered and isDiversity Data Base 1996). Soft bird’s-beak
on CNPS’sListlB. Suisun thistle is known frominhabits the upper reaches of salt grass-
only 2 locations in the Suisun Marsh in Solanopickleweed marshes at or near the limits of tidal
County (CFR 60(112))..It occurs on the edges of action. Soft bird’s-beak is susceptible to factors
salt and brackish marshes that are periodicallysimilar to those listed above for Suisun thistle
inundated during high tides. The total number of(CFR 60(112)).
individuals of Suisun thistle is a few thousand
individuals (CFR 60(112)). One occurrence is onRose-mallow. Rose-mallow is, a herebaceous
DFG lands and a second occurrence is on Solanoperennial plant in the Mallow family (Malvaceae).
County Farmland and Open Space Foundation Rose-mallow is considered rare, threatened, or
lands, endangered in California but more common

elsewhere by CNPS (List 2). Rose-mallow is
Suisun thistle was probably more widespread inrelatively widespread along the lower portions of
the past, but reductions in salt marsh habitat thatthe Sacramento and San Joaquin Rivers, but most
have resulted from drainage or filling, andoccurrences are very small, the species prefers
possibly water pollution, may have contributed toopen, freshwater marsh habitats along slow-
the species’ decline (Niehaus 1977). Its presentmoving watercourses, and is often found on peaty
highly restricted distribution increases itssubstrates in association with bulrush (Scirpus
susceptibility to catastrophic events such assp.). Rose-mallow does not tolerate shade from
disease or pest outbreak, severe drought, oil spills,dense woody vegetation. Rose mallow is
or other natural or human caused disasters,threatened by marsh habitat alteration and loss.
Continued habitat conversion, habitatFactors leading to marsh habitat alteration and
fragmentation, indirect effects from urbanloss include development, agriculture, recreation,
development, increased salinity, projects that alterchannelization, channel maintenance activities,
natural tidalregime, mosquito abatement and marsh drainage.

~ ~

l/olume 1: Ecosystem Restoration Program Plan

t~.¥-DELTA Vision for Special-Status Plants
~ t~0~1~                                                                                          Draft: March 1998

185

C--006448
C-006448



Delta tule pea. Delta tule pea is a herebaceouswill be restored to low elevation intertidal habitats
perennial plant in the legume family (Fabaceae).and establishment of species in this guild
Delta tule pea is on CNPS’s List lB. Delta tulepromoted. Restoration efforts would include
pea inhabits freshwater and brackish marshes inprotecting eroding sites, such as on in-channel
Alameda, Contra Costa, Fresno, Matin, Napa, islands, from further, erosion. During the
Sacramento, San Benito, Santa Clara, Sanrestoration of habitat, ecological functions such as
Joaquin, and Solano Counties. Delta rule pea issediment deposition and erosion to balance the
threatened by marsh habitat alteration and loss.formation and loss of intertidal habitats would be
Factors leading to marsh habitat alteration andpromoted.
loss include development, agriculture, recreation,
channelization, channel maintenance activities,
and marsh drainage. IMPLEMENTATION OBJECTIVE~

Delta mudwort.    Delta mudwort is a TARGETS~ AND PROGRAMMATIC
stoloniferous perennial herb in the figwort family ACTIONS
(Scrophulariacae). Delta mudwort is considered
rare, threatened, or endangered in California but
more common elsewhere by CNPS (List 2). DeltaThe implementation objective for the tidal
mudwort inhabits marshes in Contra Costa,brackish and freshwater marsh special-status plant
Sacramento, San Joaquin, and Solano Counties.species is to protect existing populations and
It is also found on the Atlantic Coast: Deltarestore habitat to promote the establishment of
mudwort is threatened by marsh habitat alterationadditional populations. The general target for the
and loss. Factors leading to marsh habitattidal brackish and freshwater marsh special-status
alteration and loss are similar to those describedplant species is to establish and protect a large
above for Delta tule pea. enough number of populations of each species to

maintain genetic diversity, prevent species
extinction from localized catastrophic

VISION occurrences, and promote the sustainability of
each species.

The vision for the tidal brackish and freshwaterThe following actions would contribute to
marsh guild of plant species is to provideimproving thetidalbrackishandfreshwatermarsh
protection for existing populations and ~restorespecial-status plant species populations:
habitat to provide sites for expansion of the
species. Existing populations should be protected" Conduct a site-based evaluation of
through acquisition or cooperative efforts with populations and rank sites based on criteria
landowners, beginning with the highest quality developed to assess ~ habitat and populations
sites. A site-based evaluation of populations conditions..
would be conducted to all rank sites based on
criteria developed to assess habitat and population̄ Acquire lands supporting existing populations
conditions. Higher ranked sites that are protected or develop cooperative relationships with
would serve as a source ofpropagules for restored landowners to protect existing populations,
areas, beginning with the highest quality sites.

Higher quality sites will also be evaluated for̄ Develop appropriate methods to protect and
potential enhancement opportunities throiagh restore habitat and populations of the tidal
habitat expansion. Moderate or low quality sites
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brackish and freshwatermarsh special-statusthe Montezuma Wetlands Project and Tidal
plant species. Wetlands Species Recovery Plan

¯ Manage protected areas occupied by the
species to promote conditions favorable for LINKAGE WITH OTHER
the establishment, growth, and vigor of the
species. Include management techniques ECOSYSTEM ELEMENTS
such as exotic weed control and hydrologic
regulation.

The Delta guild of plant species is integrally
¯ Restore moderate or low quality sites to low linked with the restoration of tidal perennial

elevation intertidal habitats and promoteaquatic habitat. Stressors that could affect the
es~blishment of species in this guild. DuringDelta guild include non-native species such as
the restoration of habitat, promote ecological water hyacinth that shades out habitat when
functions such as sediment deposition andoccurring in dense patches; levees, bridges, and
erosion to balance the formation and loss ofbank protection; dredging’ water management;
intertidal habitats, human disturbance; and contaminants. Tides are

an important primary physical process that affects
the tidal brackish and freshwater plant species

INTEGRATION WITH OTHER guild.

RESTORATION PROGRAMS LITERATURE CITED

Department of Fish and Game. 1991. Annual
Efforts to restore habitat for the Delta plant Report on the Status of California State Listed
species will involve cooperation with programs Threatened and Endangered Animals and
being implemented by DFG to promote their

Plants. Sacramento, CA.occurrences and cooperation from agencies with
responsibility or authority for maintaining or
restoring tidal perennial habitat, including:

California Department of Fish and Game I992 -
CALFED Bay-Delta Program Special Status
Plants and Animals Draft Affected

¯ California Department ofFish and Game,            Environment Technical Report (Appendix A.
Federally Listed Plants and Animals) Sept.

¯ U.S. Fish and Wildlife Service, 23, 1996

¯ U.S. Army Corps of Engineers, Niehaus 1977 - CALFED Bay-Delta Program
Special Status Plants and Animals Draft¯ Delta ProtectionCommission Affected Environment Technical Report
(Appendix A. Federally Listed Plants and

¯ Benecia State Recreation Area, Animals) Sept. 23, 1996

¯ Point Pinole Regional Shoreline, and             Stone, R.D., G.L. Clifton, W.B. Davilla, J.C.

St,ebbins, and D.W. Taylor.     1987. ’¯ Solano County Farmland and Open Space Endangerment status of the grass tribe
Foundation. Orcuttieae and Chamaesyce hooveri

(Euphorbiaceae) in the Central Valley of
Other programs that could be solicited for California.collaboration to benefit the Delta species include
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AQUATIC HABITAT SPECIAL- deeply enough to maintain permanent water
through seepage. Some historical nontidal

STATUS ~PLANT SPECIES perennial habitat was created naturally as a result
of shifts in river alignments that occasionally
resulted in establishment of isolated oxbow lakes.

INTRODUCTION Eel-grass pondweed (Potamogeton zosteriformis)
is the only aquatic habitat special-status plant
species that is expected to occur in the study area.

Aquatic habitats associated with shorelines of
rivers and the Delta include shaded riverine
aquatic and riparian habitats. Riverine aquatic SPECIES DESCRIPTION
habitat shaded by riparian vegetation provides
important habitat for many species of fish,
waterfowl, and wildlife. Nontidal perennial Eel-grasspondweed(Potamogetonzosteriformis)
aquatic habitat is another aquatic habitat thatis an annual aquatic plant with narrow linear
occurs in the Bay-Delta as permanent open waterleaves that grows less than 24 inches tall and is
that is no longer subject to tidal influences, submerged in ditches, ponds, lakes, and slow-

moving streams g~nerally below the 5,000-foot
Riverine aquatic habitat is characterized by theelevation (Mason 1957, Hickman 1993). Eel-
relatively shallow submerged and seasonallygrass pondweed is more common outside the State
flooded areas in estuary and river channel beds.of California, although suitable habitat exists for
Channel beds contain gravel beds, bars, andit in the Central Valley, where it is considered
riffles; transient sandy shoals; waterlogged woodyrare; It is known to have occurred in Lassen,
debris piles; and the shaded riverine aquaticShasta, and Modoc Counties in the State based on
habitat zone. This habitat zone is located wheresix records in the Califomia Department of Fish
the river meets the riparian canopy. Riverineand Game Natural Diversity Data Base (1996)
aquatic zones provide spawning substrate, rearingthat were documented between 1897 and 1949.
and escape cover, feeding sites, and refuge fromEel-grass pondweed is expected to occur in the
turbulent stormflows for fish and other aquaticSan Joaquin River Delta (Mason 1957, Munz and
organisms. Riparian and riverine aquatic habitatsKeck 1973). The species has not been listed for
are created and sustained by natural fluvialprotection bythe State or the federal government.
processes associated with rivers. . It has been assigned to List 2 by the California

Native Plant Society (Skinner and Pavlik 1994).
The nontidal perennial aquatic habitat is present
in certain low-elevation areas in the Bay-Delta
estuary. In many places within the Delta, this VISION
habitat type has replaced the native tidal aquatic
habitats that existed prior to reclamation. Most
nontidal perennial aquatic habitat areas wereThe vision for aquatic habitat plant species is to
established by constructing dikes and levees as

provide protection for and enhance existing
part of reclamation activities. As land waspopulations. The vision for eel-grass pondweed
converted to agricultural uses, perennial aquaticand other aquatic habitat plant species should be
habitats established in large agricultural drains;initiated by conducting surveys in the project area
small farm ponds; industrial ponds; ponds-

to identify locations of sites. Following
managed for waterfowl and other wildlife; andidentification of sites, it will be necessary to.Delta island blowout ponds, which were created

conduct site-based evaluations of populations,
by levee failures that scoured island interiorsdevelop criteria on habitat and population

~" Calb~
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.!
conditions, and rank all sites based on the criteriā Develop and implement a habitat
in terms of low- to high-quality. Higher ranked management plan to protect eel-grass
sites should be identified for protection, pondweed on higher ranked sites.
Restoration efforts should be focused on restoring
e~isting habitat and promoting establishment of
aquatic plant species on restored sites or at other INTEGRATION WITH OTHER
sites with suitable habitats.

RESTORATION laROGRANIS
Existing populations of aquatic species should be
protected through acquisition or cooperative
efforts with landowners, beginning with theEfforts to achieve the vision for riverine aquatic
highest quality sites, habitat (including riparian habitat) may involve

coordination with other programs. These include:

IMPLEMENTATION OBJECTIVE~
¯ U.S. Army Corps of Engineers proposed

reevaluation of the Sacramento River flood
TARGETS~ AND PROGRAMMATIC control project and ongoing bank protection

ACTIONS project, including more comprehensive
floodplain management and river ecosystem
restoration opportunities;

The implementation objective for eel-grass.
pondweed is to ensure the recovery of this

¯ SB1086.Advisory Council efforts and river

special-status species in order to contribute to corridor management plan for the Sacramento

overall species diversity in aquatic habitats. The River;

targets for eel-grass pondweed include identifying
and protecting high-quality habitats and

¯ the San Joaquin River Parkway and

populations throughout the range of this species in Management plans;

study area, ensuring long-termthe and the
viability of the species on higher ranked sites.

¯ ongoing Sacramento Valley conservation

Implementation of the following actions would planning by the Nature Conservancy and

contribute to achieving the targets: other private nonprofit conservation
organizations;

¯ Conduct a site-based evaluation of
populations, develop criteria on habitat and

¯ expansion plans and conservation easements

population conditions, and rank all sites based underway for the Sacramento River National

on the criteria in terms of low- to high- Wildlife RefugeandCaliforniaDepartmentof
Fish and Game Sacramento River Wildlifequality. Based on the ranking of sites identify

the higher ranked sites for protection. Management Area; and

¯ Protect higher- ranked sites through
m ongoing coordination efforts and programs of

acquisition or cooperative efforts with the Wildlife Conservation Board, including

landowners, the Riparian Habitat Joint Venture.

¯ Conduct studies to determine the microhabitat
requirements of eel-grass pondweed and
determine reasons for limited distribution.
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LINKAGE WITH OTHER Munz and Keck. 1973. A California flora and
fauna supplement. University of California

ECOSYSTEM ELEMENTS Press, Berkeley, CA.

Riverine aquatic habitat is important to many fish,Natural Diversity Data Base. 1996. Records
wildlife, and plant species and communities. It is search for occurrences of Eel-grass pondweed
adversely affected by stressors that include levee (Potamogeton zosteriformis). California
construction, gravel mining, flow patterns, Department of Fish and Game, Sacramento,
fragmentation of existing stands of riparian CA.
vegetation, competition and displacement by non-
native plant species. Skinner, Mark W. And Bruce M. Pavlik. 1994.

California Native Plant Society’s inventory of
Restoratk, n of nontidal perennial aquatic habitat rare and endangered vascular plant of
is linked with ecosystem processes including: Califomia. Fifth edition. (Special

Publication No. 1.) California Native Plant
¯ the geologic and hydrologic condition, stream Society. Sacramento, CA.

meander, and tidal function necessary to
maintain permanent surface water;

¯ a range of elevations sufficient to support
deep-water (greater than 3 feet in depth) and
shallow-water areas; and

¯ adjacent wetland and riparian (streambank)
vegetation.

The value ofnontidal perennial aquatic habitat to
wildlife greatly increases if emergent vegetation
is present along shorelines and in shallow-water
areas. Adjacent dense upland herbaceous
vegetation and riparian woodland further increase
the value to wildlife.

LITERATURE CITED

Hickman, J.C. (ed.). 1993. The Jepson Manual,
Higher Plants of California. University of
California Press, Berkeley, CA.

Mason, H. L. 1957. A flora of the marshes of
California. University of California Press,
Berkeley, CA.
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VERNAL POOL SPECIAL-STATUS .and federally listed as threatened. It is considered
rare, threatened, or endangered in California and

PLANT SPECIES elsewhere by the California Native Plant Society
(CNPS) List lB. Colusa grass grows in the
bottoms of large or deep vernal pools with

INTRODUCTION substrates of adobe mud and is somewhat resistant
to light grazing. Colusa grass is endemic to the
southern Sacramento and northern San Joaquin

Vernal pools are seasonally flooded depressions
Valleys. Its historical distribution included

that support a distinctive biota adapted to periodicMerced, Stanislaus, Solano and Colusa Counties,

or continuous inundation during the wet season
but is now extirpated from Colusa County. Two
new populations have been found in Yolo County.
The primary reasons for decline of Colusa grassand desiccatedsoils during the dry season

(Holland and Jain 1977, Holland 1978, Thorne
1984, Jones & Stokes Associates 1990). Vernal

include the conversion of vernal pools to

pools usually occur in troughs between the ridges
agricultural and developed lands, heavy grazing

of a gently rolling or reticulated landscape, in theby cattle, and competition from introduced weedy

depressions between small mounds in a landscapespecies that tend to displace it. (DFG 1992)

dottedby "mima mounds", or on localized fiats orBoggs Lake hedge-hyssop    (Gratiola
steps in a seasonally wet swale. Some appear asheterosepala) is a small, semi-aquatic, herbaceousisolated anomalies on ridge tops or flat terrain,

annual in the figwort family (Scrophulariaeeae).Vernal pools vary in size from several yards to
well over 1 acre, but most range from severalIt has opposite leaves, blunt, unequal sepals, and

thousandths to a few tenths of an acre. The
yellow and white flowers on short stalks. Boggs

largest vernal pools are really seasonal lakes, likeLake hedge-hyssop is state endangered and

Olcott Lake at the Prairie Preserve in considered rare, threatened, or endangered inJepson
Solano County and Boggs Lake at the Boggs LakeCalifornia and elsewhere by CNPS (List 1B).

Boggs Lake hedge hyssop is found in Fresno,Preserve inLakeCounty.
Lassen, Lake Madera, Modoc, Placer, and

Vernal pools support a unique associated of plantSacramento, Shasta, San Joaquin, Solano, and

species. Some of the plants are restricted toTehama Counties and in Oregon. This species is

vernal pools, while others occur primarily infound in shallow waters or moist clay soils of

vernal pools but also occur in other seasonalvernal pools and lake margins. Boggs Lake hedge

~wetland habitats. Vernal pools are well known for hyssop has undergone substantial habitat
reduction from development and agriculturaltheir high level of endemism (Jain 1976) and
conversion. Current threats include agriculture,abundance of rare, ~hreatened, or endangered

species (Skinner and Pavlik 1994, Jones & Stokesdevelopment, grazing, and ORV’s. Many

Associates 1990).
occurrences are on privately owned land. (DFG
1992)

Contra Costa goldfields (Lasthenia conjugens)
SPECIES DESCRIPTION is a showy spring annual in the aster family

(Asteraceae) that grows 10 to 30 centimeters tall
with opposite light green leaves. Contra Costa

Colusa grass (Neo.stapfia colusana) is a pale goldfields is federally listed as endangered and is
green annual member of the grass familyon CNPS list lB. The historical distribution of
(Poaceae), with several stems of loosely folded,Contra Costa goldfields extended from
clasping leaves and thick terminal spikes ofMendocinoto Santa BarbaraCounties.Currently
flowers. Colusa grass is state listed as endangeredits distribution is limited to a few locations in
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Solano and Napa Counties. It inhabits vernalthe upper leaves. Crampton’s tuctoria is state and
pools and seasonally moist grassy areas. In thefederally listed as endangered and CNPS list lB.
past, the species may have also occurred in coastalIt occurs in only two counties Solano and Yolo.
prairies (Omduff 1979). The decline of theIt grows in the clay bottoms of drying vemal
Conga Costa goldfields has been attributed to thepools and lakes. The Nature Conservancy owns
loss of vernal pools by development andand protects a portion of the habitat at the Jepson
agriculture. Continued threats include Prairie Preserve, but the plant has not been seen
urbanization and overgrazing, since 1987 at the preserve (DFG 1992). Threats

to the two known occurrences include alternation
Legenere (Legenere limosa) is a slender annualof local drainage patterns that feed the pools,
that grows in wet margins of deep vernal pools,off-road vehicle recreation, local farming
Legenere is considered by the U.S. Fish andoperations, and trampling by livestock. Roads
Wildlife Service (USFWS) to" be a species of and transmission corridors have also degraded the
concern and CNPS list lB. Historical habitat. Most of Crampto.n’s tuctoria habitat is
distribution of Legenere includes Lake, Napa,privately owned. The USFWS has prepared a
Placer, Sacramento, San Mateo, Solano, Sonoma,recovery plan for Crampton’s tuctoria which
Stanislaus and Tehama Counties. It has nowprovides management recommendations (DFG
become extirpated from Sonoma and Stanislaus1992).
Counties. At the Jepson Prairie Preserve it is
found inthe bottom ofhogwallow. Threats to thisI-Ieartscale (Atriplex cordulata) is considered by
species are primarily loss of vernal pools bythe USFWS to be a species of concern and CNPS
agriculture. Other threats include grazing andlist lB. Distribution of heartscale includes
development.~ Alameda, Contra Costa, Butte, Fresno, Glenn,

King, Kern, Madera, Merced, Solano, and Tulare
Alkali milk-vetch (Astragalus tener vat. tener) is Counties and no longer occurs in San Jo.aquin,
rare, threatened, or endangered in California andStanislaus or Yolo Counties (NDDB 1996).
elsewhere by CNPS (List 1B). Historical
distribution of Alkali milk-vetch includes
Alameda, contra Costa, Merced, Monterey, Napa, VISION
San Benito, San Francisco, San Joaquin, Solano,
Sonoma, Stanislaus, and Yolo Counties.
Currently its distributionisMerced, Napa,Solano, The vision for vernal pool plant species is toand Yolo Counties. The primary threat to this

provide protection for and enhance existingspecies is sheep and cattle grazing (NDDB 1996).
populations. Existing populations should be
protected through acquisition or cooperative

Dwarf downingia (Downing~a .pusilla) is efforts with landowners, beginning with the
considered rare, threatened, or endangered in
Califomia and elsewhere by CNPS (List IB). highest quality sites. Preservation and proper

management of all existing populations would
Dwarf downingia occurs in margins of vernalensure the long-term viability of the species. To
pools, swales. Distribution includes Merced,provide for proper management on protected sites,
Mariposa, Napa, Placer, Sacramento, Solano, research would be conducted to determine the
Sonoma, Stanislaus and Tehama Counties.optimal conditions for the growth. For example,
Threats to this species are ORV’s, grazing and

on sites with a high cover of non-native species,
development (NDDB 1996). experimental burning and/or grazing would be

conducted to determine if such treatments are
Crampton’s tuctoria (Tuctoria mucronata) is a beneficial for the species. Colusa grass’s response
sticky, aromatic annual grass, with a dense spike
of overlapping flower spikeletsthatemerge from

to light and moderate grazing could also be
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investigated. Research on reproduction and INTEGRATION WITH OTHER
recruitment would be conducted to better
understand the species’ biology.                       RESTORATION PROGRAMS

Following experimental research, habitat
management techniques to promote conditionsEfforts .to restore seasonal wetlands would involve
suitable for the growth and establishment wouldcooperation with other restoration programs,
be implemented. This may include, but is notincluding:
limited to, reduction in grazing; use of prescribed
bums’ restoration of winter flood/summer drought̄ Upper Sacramento River Fisheries and
regime; and removal of other stresses. Riparian Habitat Council,

¯ California Department of Fish and Game

IMPLEMENTATION OBJECTIVE~ wildlife areas,

TARGETS~ AND PROGRAMMATIC ¯ Jepson Prairie Preserve,
ACTIONS

¯ Ducks Unlimited Valley Care Program,

The implementation objective for the vernal pool
¯ California Waterfowl Association,

special-status plant species is to protect existing
populations and to acquire and restore habitat for

¯ the Nature Conservancy,

long-term viability of the species. The targets for
vernal pool special-status species include

¯ U.S. Fish and Wildlife Service,

identifying high-quality habitats and populations
and restoration and reestablishment of populations̄ Yolo County Habitat Conservation Plan,

in order to maintain diversity and ensure the
of each

¯ and Central Valley Habitat Joint Venture.
sustainability species.

Two occurrences of Colusa grass are currently¯ Protect existing habitat and restore and
reestablish vernal pool habitats within andprotected: the Solano County occurrence at the

Nature Conservancy’s (TNC) Jepson Prairieadjacent to existing ecological reserves.
Preserve and the Flying M Ranch in Merced
County, where conservation easements protect

¯ Implement restoration of habitat andsome of the large vernal pools. Heartscale occurs

reintroduction of species on historic sites inwith two other species dwarf downingia and

conjunction with long-term monitoring and legenere at the Nature Conservanc3)’s Jepson
Prairie Preserve.maintenance of existing and newly

established populations.

¯ Conduct reproduction and recruitment LINKAGE WITH OTHER
research to better understand the species ECOSYSTEM ELEMENTS
biology.

¯ Conduct site-based evaluation of populations
The vernal pool guild of plant species is linkedand develop criteria for ranking sites and
with the restoration of vernal pool habitat.protection of high-quality sites.
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Stressors that could effect these species include:Ornduff, R. 1979. Unpublished status report on
non-native weedy grasses and grazing. Lasthenia conjugens. Califomia Native Plant

Society, Sacramento, CA.

LITERATURE CITED Skinner, M. W., and B. M. Pavlik. 1994.
Inventory of rare and endangered vascular
plants in California. 5th edition. (Special
Publication No. 1.) California Native PlantDepartment of Fish and Game. 1992. Annual Society. Sacramento, CA.report on the status of California State listed

threatened and endangered animals and
Thorne, R. F. 1984. Are California’s vernal

plants. Sacramento, CA. pools unique? Pages 1-8 in S. Jain and P.

Holland, R. F., and S. Jain. 1977. Vernal pools.
Moyle (eds.) Vemal pools and intermittent
streams. (Institute of Ecology PublicationPages 515-533 in M. E. Barbour and J. Major

(eds.), Terrestrial vegetation of California. No. 28.) University of California. Davis,
CA.

John Wiley & Sons. New York, NY.

Holland, R.F. 1978. The geographic and
eda~hic distribution of vernal pools in the
Great         Central Valley, California.
(Special Publication No. 4.) California
Native Plant Society.     Berkeley, CA.

Jain, S. 1976. Some biogeographic aspects of
plant communities in vemal pools. Pages 15-
21    in S. Jain (ed.), Vernal pools: their
ecology and conservation. (Institute of
Ecology Publication No. 9.) University of ¯
California. Davis, CA.

Jones & Stokes Associates, Inc.    1990.
Sacramento County vernal pools: their
distribution,    classification, ecology, and

~management. (JSA 89-303.) Sacramento,
CA. Prepared for    Sacramento County
Planning and Community Development
Department, Sacramento, CA.

Natural Diversity Data Base (NDDB). 1996.
Record search for occurrence of Neostapfia
colusana, Gratiola heterosepala, Lasthenia
conjugens, Legenere limosa, Astragalus tener
var. tener, Downingia pusilla, Tuctoria
mucronata, and Atriplex cordulata.
California Department of Fish and Game,
Sacramento, CA.

Volume 1: Ecosystem Restoration Program Plan
Vision for Special-Status Plants

~- PltOaP~l                                                                                     Draft: March 1998

194

C--00 457



INLAND DUNE SPECIAL- occupied the sand dunes of the Sacramento Valley
5,000 to 8,000 years ago (Green 1994). In recent

STATUS PLANT SPECIES times, dune habitat in the Delta has been lost to
conversion to agriculture, sand mining, and
industrial development. Present threats include
competition for water with ripgut brome (Bromus

INTRODUCTION                 diandrus) and recreational and fire control
activities. The recent .trend for Antioch Dunes
evening-primrose is one of stability, but its total

Inland dunes are extremely limited to the Delta, size and distribution is stillpopulation very
occurring only in the vicinity of the Antiochlimited (DFG 1991).
Dunes Ecological Reserve. This habitat supports
two p!ant and one butterfly species listed asContra Costa wallflower. Contra Costa
endangered underthe federal Endangered Specieswallflower, a member of the mustard family
Act. Visions are provided here for the two plant (Brassicaceae), is a coarse-stemmed, erect,
species, Antioch Dunes evening-primroseherbaceous biennial herb with yellowish-orange
(Oenothera deltoides ssp. howellii) and Contra flowers. Contra Costa wallflower is state and
Costa wallflower(Erysimum captitatum var. federally listed as endangered and is also on
angustatum). CNPS’s List lB. Contra Costa wallflower co-

occurs with Antioch Dunes evening-primrose at
the Antioch Dunes NWR, and is known from only

SPECIES DESCRIPTIONS 2 occurrences at the Antioch Dunes. It is
threatened by factors similar to those affecting
Antioch Dunes evening primrose. The wallflower

Antioch Dunes evening-primrose. Antioch population is surveyed annually and has shown

Dunes evening-primrose is a showy, white-considerable increasesince 1978(DFG 1991).
flowered, highly branched perennial herb with
grayish toothed or divided leaves. It is a member
of the evening primrose family (Onagraceae). VISION
Antioch Dunes evening-primrose is both state and
federally listed as endangered. Additionally, this
species is considered rare, threatened, orThe visionforAntiochDunesevening-primrose
endangered in Caiifornia and elsewhere by theand Contra Costa wallflower is to protect existing
Califomia Native Plant Society (CNPS) (List 1B). populations and ensure the long-term viability of
Antioch Dunes evening-primrose is endemic tothe species through habitat restoration,
loose sand and stabilized dunes near river marginsenhancement, and appropriate management.
in the vicinity of Antioch. It is known from only Effective management techniques would be
7 occurrences (Skinner and Pavlik 1994). Most developed and employed to protect existing
remaining plants occur at the Antioch Dunespopulations. Existing knowledge acquired
National Wildlife Refuge. In 1992, the population primarily at the Antioch Dunes Refuge would
size of this species at 2 disjunct sites on theserve as a basis of establishing effective
Antioch Dunes was only 1,200 plants (Greenemanagement techniques. Prescribed burning is an
1994). Attempts have been made to introduce theexample of a management technique that has been
species to several other locations with remnantsuccessful in promoting Antioch Dunes evening-
dunes, including Brannan Island State Recreationprimrose colonization. Controlling non-native
Area in Rio Vista. Antioch dunes evening-competitors would also be an element of on-going
primrose evolved from desert flora whichmanagement for the species. One study showed
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that removal of ripgut brome near adult AntiochThe following actions would contribute to
Dunes evening-primrose plants increased seedlingimproving the inland dune special-status plant
germination (Greene 1994). species populations:

Establishing additional populations would greatlȳ Develop appropriate methods to protect and
increase the recovery potential for Antioch Dunes restore habitat and populations of the inland
evening-primrose and Contra Costa wallflower, dune special-status plant species.
To promote the expansion of the species, historic
inland dunes adjacent to existing ecological̄ Manage protected areas occupied by the
reserves in the Sacramento=San Joaquin Delta inland dune special-status species to reduce
Ecological Zone would be reestablished and disturbance of dunes and dune vegetation.
species establishment promoted. Sand dune
creation techniques developed at the Antioch̄ Manage protected areas occupied by the
Dunes would be employed. Protecting and species to promote conditions favorable for
restoring inland dune scrub that serves as habitat the establishment, growth, and vigor of the
for Antioch Dunes evening-primrose and Contra species. Include management techniques
Costa wallflower would be enhanced by such as prescribed burning and exotic weed
identifying areas that are not currently managed control.
for their resource values. Appropriate methods to
protect and restore identified areas would bē Acquire historic inland dunes adjacent to
developed. Protected habitat areas would be existing ecological reserves and reestablish
evaluated to determine effective restoration dune habitat and inland dune special-status
management practices to increase habitat value, species populations.
The results of these evaluations would determine
how habitat for Antioch Dunes evening-primrose
and Contra Costa wallflower would be protected
and restored. INTEGRATION WITH OTHER

RESTORATION PROGRAMS

IMPLEMENTATION OBJECTIVE~

TARGETS~ AND PROGRAMMATIC Efforts to restore habitat for Antioch Dunes
evening-primrose and Contra Costa wallflower

ACTIONS will involve cooperation with programs managed
by the Antioch Dunes National Wildlife Refuge.
Cooperation from agencies with responsibility or

The implementation objective for the inland duneauthority for restoring inland dune habitat will be
special-status plant species is to protect existingsolicited. These include:
populations and restore habitat to promote the
establishment of additional populations. Thē California Department of Fish and Game,
general target for the inland dune Special-status
plant species is to establish and protect a largē U.S. Fish and Wildlife Service,
enough number of populations of each species to
maintain genetic diversity, prevent species̄ U.S. Army Corps of Engineers, and
extinction from localized catastrophic
occurrences, and promote the sustainability of̄ the Delta Protection Commission.
each species.
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LINKAGE WITH OTHER Niehaus 1977 - CALFED Bay-Delta Program
Special Status Plants and Animals Draft

ECOSYSTEM ELEMENTS Affected Environment Technical Report
(Appendix A. Federally Listed Plants and
Animals) Sept. 23, 1996

Antioch Dunes evening-primrose and Contra
Costa wallflower are linked with a habitatStone, R.D., GIL. Clifton, W.B. Davilia, J.C.
ecosystem element, inland dune scrub. These Stebbins, and D.W. Taylor. 1987.
species and habitat elements are closely Endangerment status of the grass tribe
associated with each other and are limited to the Orcuttieae and Chamaesyce hooveri
area near the Antioch Dunes Ecological Reserve. (Euphorbiaceae) in the Central Valley of
Non-native plant species are stressors that California.
compete with Antioch Dunes evening-primrose
and Contra Costa wallflower for habitat.
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PLANT COMMUNITY GROUPS

HABITAT PLANT diversifolius), floatingleaf pondweed (P: natans),AQUATIC
grassleaf pondweed (P. gramineus), longleaf

COMMUNITY GROUP pondweed (P: nodosus), Nuttall pondweed (P.
epihydrus), and shinning pondweed (P.
illinoensis). The vegetative cover in the aquatic

INTRODUCTION plant habitat ranges from continuous to
intermittent or open.

Aquatic plant habitat in the Bay-Delta area is
VISIONpresent in permanently flooded and intermittently ~

exposed shallow water areas.. These shallow
water areas present important wetland habitat for
dependent plant, wildlife, and fish species. TheThe vision for the "aquatic habitat plant

substantial loss of historic shallow water aquaticcommunity group is to protect and restore large
plant habitat has primarily resulted fromareas of perennial shallow water that provide
reclamation and channel dredging and scouring,habitat for pondweeds and other associated plant

Loss of such habitat has reduced primary (plant)and wildlife species. Areas protected and restored
and secondary (invertebrate)productivity in theas .aquatic plant habitat would be closely

Bay-Delta    area,    changing    importantassociated With areas protected and restored as

characteristics of the natural foodweb of thetidal brackish and freshwater marsh plant habitat ~1
system and therefore leading to the decline ofand tidal riparian plant habitat to promote habitat
many native plant, fish, and wildlife species, diversity.

Initial efforts should focus on protecting existing
RESOURCE DESCRIPTION           aquatic habitat plant community areas. Restored

areas should be linked with existing healthy
habitats where feasible to provide a source of
vegetative propagules and to create large

Pondweeds with floating and submerged leaves,contiguous areas of aquatic plant habitat. .|Aquatic plant habitat in the Bay-Delta area isEstablishing the proper gradients relative to water
dominated by pondweeds (Polygonum spp.) with levels will be key in promoting the establishment
floating or submerged leaves. Pondweeds are theof the aquatic habitat plant community. Restored
sole or dominant herb in this community,habitats should have natural gradients of. open
Pondweeds with submerged leaves includewater, shallow water that is suitable for
crispate pondweed crispus), eel-grass supporting pondweeds, marsh, riparian, and
pondweed (P. zosteriformis), fermelleafpondweedupland habitats to increase the habitat value for a
(P. pectinatus), leafy pondweed (P. foliosus), greater diversity of species.
Nevada pondweed (P. latifolius), Richardson ¯
pondweed (P. richardsonii), Robbin pondweedMany leveed lands in the Bay and Delta have
(P. robbinsii), slenderleaf pondweed (P. subsided and are too low to support shallow
f!liformis), small pondweed (P. pusillus), and waters inhabited by pondweeds, and thus cannot
whitestem pondweed (P. praelongus), be readily restored. The greatest subsidence has
Pondweeds with floating leaves include alpineoccurred in the Central and West Delta Ecological
pondweed (P. alpinus), broadleaf pondweed (P.Unit. A comprehensive long-term program would
amplifolius), diverseleaf pondweed (P.
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be developed to reverse this process. Changes in Conservation and Development Commission -
land use management, and use of suitable dredged Regional Wetlands Management Plan;
materials or other "natural materials" should be
implemented to restore land elevations to suitablē San Francisco Estuary Project;
ranges. ¯ Tidal Wetlands Species Recovery Plan;

Restoration efforts should focus on those leveed
lands that have not yet been subjected to severē Wetland Reserve Program; and
subsidence. Prime candidates are existing
managed marshes and salt ponds adjacent to San̄ Yolo Basin Wetlands Project.
Pablo and Suisun Bays. Leveed agricultural lands
and some industrial lands adjacent to Suisun Bay
can be readily restored to the aquatic habitat plant " LINKAGE WITH OTHER
community.

. ECOSYSTEM ELEMENTS

INTEGRATION WITH OTHER
The aquatic habitat plant community group is

RESTORATION I~ROGRAMS linked to other habitats that include open water,
shallow water, emergent wetland, and riparian
areas, and to associated wildlife guilds. It is also

Many programs and projects aim to protect,linked to .physical processes that include
restore, and enhance wetland and open waterstreamflow, sediment supply, geomorphology,
habitats in the San Francisco-San Joaquin Bay-and tides. Secondary ecosystem functions and
Delta estuary. These include: processes that are linked with the aquatic habitat

plant community group include current velocities;
¯ Bay Area Aquatic Habitats Planning Group; floodwater and sediment detention and retention;

vegetation succession, overbank flooding, and
¯ Cache Creek Corridor Restoration Pla.n; floodplain inundation; and primary production.

Stressors that affect this plant community group
¯ California Wetland Riparian Geographic include levees, bridges, and bank protection;

Information System Project; dredging; non-native species; dams, reservoirs,
and other human-made structures; water

¯ Governor’s Califomia Wetland Conservation management; gravel mining; contaminants; and
Policy; human disturbance.

¯ Ifiland Wetlands Conservation Program;

¯ Montezuma Wetlands Project; IMPLEMENTATION OBJECTIVE,

TARGETS, AND PROGRAMMATIC
¯ National Estuarine Reserve Research System;

ACTIONS

¯ North Bay Initiative;

¯ North Bay Wetlands Protection Program; The implementation objective for the aquatic
habitat plant community group is to increase its

¯ San Francisco Bay Regional Water Quality amount in the Delta to provide habitat for

Control Board, and San Francisco Bay pondweeds with floating and submerged leaves as
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well as improved foraging and resting habitat for
water birds, particularly diving ducks, and help to
restore and maintain the ecological health of the
terrestrial and aquatic resources in and dependent
on the Delta.

The general target for restoring the aquatic habitat
plant community group is to provide 500 acres in
the Sacramento-San Joaquin Delta Ecological
Zone and 500 acres in the Suisun Marsh/North
San Francisco Bay Ecological Zone.

The fol!owing actions would help to achieve
targets for the aquatic habitat plant community
group restoration:

¯ Restore perennial shallow water habitat in
concert with restoration of tidal brackish and
freshwater marsh and tidal riparian plant
habitat.

¯ Link restored areas with existing healthy
habitats to provide a source of vegetative
propagules and to create large contiguous
areas of aquatic habitat.

¯ Focus restoration effort on leveed lands that
have not yet experienced severe subsidence,
such as leveed agricultural lands and
industrial lands adjacent to Suisun Bay.

¯ Restore permanent open-water areas by
establishing elevation gradients sufficient to
maintain surface water through natural
groundwater or surface-water recharge, or by
pumping water into lowland areas.

Propagate restored areas with pondweeds and
control invasion by exotics untilthe
community has become established.
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TIDAL BRACKISH AND and to increase wetland habitat. Achieving this
vision will assist in the recovery of special-status

FRESHWATER MARSH HABITAT plant, fish, and wildlife populations, and provide

PLANT COMMUNITY GROUP high-quality habitat for other fish and wildlife
dependent on the Bay-Delta.

INTRODUCTION                                  RESOURCE DESCRIPTION

Tidal brackish marsh habitat is located along the
Tidal brackish marshes were once continuous

western edge of the Delta and in Suisun marsh,from San Francisco Bay into the western Delta.
Most tidal freshwater marshes in the Delta occur
as narrow, fragmented bands along island levees,Most remnants of these wetlands are narrow

channel islands, shorelines and levee blowout
bands along the margins of San Pablo Bay and
Suisun Marsh and Bay. Tidal brackish marshes

ponds, have been substantially reduced as a result of
reclamation and land use conversions to

Tidal brackish and freshwater marshes areagricultural uses, actions that reduced the amountimportant habitat areas for fish and wildlife
dependent on marshes and tidal shallows andof land subject to tidal flooding.

support several special-status plant species. The
loss or degradation of historic tidal bracl~ish andTidal brackish marshes are important habitats for

freshwater marshes has substantially reduced theplant, fish and wildlife species that are dependent
on marshes and tidal shallows. These wetlandhabitat area available for associated plant, fish and

wildlife species. Major factors that limit thisareas serve as an important transitional habitat

resource’s contribution to the health of the Bay-
between open water and uplands. Furthermore,

Delta are related to adverse effects of wetlandstidal exchange is the primary process that

conversion to agricultural, industrial, and urbansupports healthy tidal brackish marshes in the
Bay-Delta. Tides flush the wetland system,

uses. replacing nutrients, and balancing salinity

The vision for tidal brackish and freshwaterconcentrations. Land management practices such

marsh habitats is to restore large areas ofas dikinghaveisolatedmostof theremaining
brackish marsh wetlands from tidal flows.connecting waters associated with tidal emergent

wetlands and their supporting ecosystemFive distinct plant series are found in tidal
processes. Achieving this vision will assist in thebrackish marshes; each of these is briefly
recovery of special-status plant populationsdescribed below.
depending on these habitats. It will also assist in
the recovery of special-status fish populations and

Picldeweed Series: Pickelweeds (Salicorniaprovide high-quality aquatic habitat for other fishspecies) are the dominant plants in this series.
and wildlife dependent on the Bay-Delta. Other associated plant species can include alkali
Restoring tidal brackish and freshwater marshheath (Frankenia salina), arrow-grasses
would also result in higher water quality and

(Triglochin species), dense-flowered cordgrass
increase the amount of shallow-water habitats;(Spartina densiflora), dodder (Cuscuta salina),foraging and resting habitats and escape cover forfat-hen (Atriplex patula), jaumea (Jaumea
water birds; and rearing and foraging habitats,
and escape cover for fish. The vision for this

carnosa), saltgrass (Distichlis spicata), saltwort

habitat type is to protect existing tidal brackish
(Batis maritima), sea-blite (Suaeda californica),

and freshwater marshes from degradation or lossand/or sea-lavender (Limonium californicum).
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This plant series is generally less than 5 feet tallfluviatilis), saltgrass (Distichlis spicata),
and the canopy can be continuous or intermittent,saltmarsh bulrush (Seirpus maritimus), slender-

beaked sedge (Carex athrostachya), umbrella
Saltgrass Series: Saltgrass (Distichlis spicata) is flatsedge (Cyperus eragrostis), water-plantain
the sole or dominant grass in this series. Other(Alismaplantago-aquatica), and/or yerba mansa
associated plant species can include alkali(Anemopsiscalifornica). The plants in thisseries
cordgrass (Spartina gracilis), alkali muhly¯ are generally less than 13 feet tall and the cover
(Muhlenbergia asperifolia), alkali sacaton can be continuous, intermittent, or open.
(Sporobolus airoides), Baltic rush (Juncus
balticus), common pickleweed (Salicornia Common Reed Series: Common reed
virginica), Cooper rush (Juncus cooperi), one- (Phragmites australis) is the d6minant plant in
sided bluegrass (Poa secunda), sea-lavenderthis series. The community may include emergent
(Limoniuw californicum), slender arrow-grass shrubs and trees. However, few other species are
(Triglochin concinna), and/or yerba mansa generally present. Common reed generally grows
(Anemopsis californica).    Emergent alkali less than 13 feet tall and the cover is typically be
rabbitbrush (Chrysothamnus albidus) or iodine continuous.
bush (Allenrolfea occidentalis) may be present.
This plant series is generally less than 3.5 feet tallDiking of historic wetlands greatly reduced the
and the canopy can be continuous or intermittent,amount of tidally influenced marshes in the Delta.

Reservoir operations and other water management
Bulrush Series: Bulrushes (Scirpus spp.) are thepractices that control California’s inland water
dominant species in this series. Common plantsupplies have reduced saltwater intrusion into the
species include California bulrush (ScirpusDelta by retaining water during winter and
califomicus), common three-square (Scirpus releasing water during summer. These complex
americanus), common tule (Scirpus acutus), water management actix;ities resulted in reduced
Nevada bulrush (Scirpus nevadensis), river saltwater intrusion into the Delta, thereby ’
bulrush (Scirpusfluviatilis), and saltmarsh bulrushreducing the area that can support brackish
(Scirpus maritimus). Other associated plant wetlands. Preservation of the largest single area
species include broadleaf cattail (Typha of brackish marsh habitat in California has beencan

latifolia), narrowleafcattail (Typha angustifolia), accomplished at Suisun Marsh through
saltgrass (Distichlis spicata), slenderbeaked sedgeimplementation of a complex water control
(Carex athrostachya), southern cattail (7"yphasystem. ¯
domingensis), umbrella flatsedge (Cyperus
eragrostis), water-plantain (Alisma plantago- Prior R) the mid-1800s, extensive areas of tidal
aquatica), and/or yerba mansa (Anemopsis freshwater marsh habitat occurred throughout the
californica). The species in this series areCentral Valley, particularly in the Delta. A
generally less than 13 feet tall and the cover cancomplex network of rivers, sloughs, and channels
be continuous or intermittent, connected low islands and basins that supported a

diverse and dense variety of freshwater marsh
Cattail Series: Cattails, including broadleafvegetation. This freshwater marsh vegetation
cattail (Typha latifolia), narrowleafcattail ~yphasupported a diversity of plant, fish and wildlife
angustifolia), and southern cattail (Typha species and ecological functions. Vast areas of
domingensis)(Typha spp.) are the dominant plantsthe Sacramento-San Joaquin Valleys were
in this series. Associated plant species cancommonly flooded in winter by a slow-moving
include California bulrush (Scirpus californicus), blanket of silt-laden water. Flood control
common three-square (Scirpus americanus), activities and land settlements in the late 1800s
common rule (Scirpus acutus), Nevada bulrushand early 1900s led to the development of leveed
(Scirpus nevadensis), river bulrush (ScirpusDelta islands. Levees and other land uses led to "

~.~ ~
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the loss of freshwater marshes in the Delta. Losssoil oxidation, and, subsequently, the subsidence
of wetlands has substantially reduced habitat forof the interior islands. Loss of these tidal flows to
wetland wildlife species in the Bay-Delta system,islands has reduced habitat for native species of
Freshwater marsh losses have also substantiallyfish, plants, and wildlife; reduced water quality;
reduced the area available for the biologicaland decreased the area available for floodwater
conversion of nutrients in the Delta. The Deltadispersion and suspended silt deposition.
contains insufficient wetland area to provide
adequate levels of nutrient transformation, whichHigh tidal velocities in confined Delta channels
results in lower quality water in San Franciscocontinue to erode remaining freshwater marshes
Bay. at a greater rate than habitat formation.

Continued erosion reduces the amount of
The loss of freshwater marshes has substantiallyfreshwater marshes and changes the elevation of
reduc~5 the habitat of several plant and wildlifethe land. Elevation affects the types of plant
species. Some species have been designated asspecies that can grow depending on a species’
Califomia or federal special-status species and areability to tolerate flooding. Flood protection and
threatened with local extermination. At leastlevee maintenance continue to impair wetland
eight specia!-status plant species, Suisun Marshvegetation and prevent the natural reestablishment
aster, California hibiscus, bristly sedge, Jepson’sof freshwater marshes in some locations.
rule pea, Mason’s lilaeopsis, marsh mudwort,
Sanford’s arrowplant, and marsh scullcap, areWind, boat-wake waves, and high water velocities
native to the Delta. Most of these plants arein confined channels actively erode the soil
adapted to a complex tidal cycle and are typicallyneeded to support remnant freshwater marshes.
found with more common vegetation such as tule,Continued erosion of existing habitat, such as ’
cattails, common reed, and a great diversity ofmidchannel islands and levees and levee berms, is
other herbaceous plant species. Changes incurrently the primary cause of habitat loss in the
habitat conditions have allowed the invasion ofDelta.
hundreds of non-native weedy plant species.
Some of these species, such as water hyacinth,
now clog waterways and irrigation ditches and VISION
reduce overall habitat quality for native plants and
wildlife. Over 50 species of birds, mammals,
reptiles, and amphibians use freshwater marshes

Restoration of tidal brackish and freshwaterin the Delta. Populations of some wildlife speciesmarsh habitat would focus on protecting and
that are closely dependent on freshwater marshes,

improving important existing wetlands, such assuch as the California black rail, giant garter
channel islands, and restoring wetlands in thesnake, and western pond turtle, have been
Sacramento-San Joaquin Delta and Suisunsubstantially reduced in the Delta and designated

as special-status species. A few wetland-Marsh/North San Francisco Bay Ecological

associated species, such as waterfowl and egrets,Zones.

have successfully adapted to foraging on some
Restoring tidal brackish marsh is dependent ontypes of Delta croplands converted from historic
restoring tidal flows, establishing and maintaining

wetland areas, healthy estuarine salinity gradients appropriate,
wetlands from tidal flows and       and reestablishing elevation gradients from openIsolating removing

Delta island freshwater marshes changed the
water to uplands. The following actions would

ecological processes, that support wetlands,help achieve saline emergent wetlands restoration:

Removing perennial vegetationthe waterand
from the organic soils of Delta islands resulted in
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¯ restore tidal flows to diked wetlands by establishment. Wetlands erosion could be
breaching dikes in suitable areas; reduced by reducing boat speeds where wetlands

are subject to boat-wake-induced erosion (e.g.,
¯ establish desirable estuarine salinity gradientsSnodgrass Slough). Constructing protective

by managing water diversions and waterstructures around eroding channel islands would
releases from upstream reservoirs to controlweaken wave action (e.g., wave barriers and
seasonal freshwater inflows to the Delta; riprap groins) in a way that retains habitat value

for fish and wildlife. Protecting inchannel islands
¯ balance seasonal flows from reservoirs forfrom further erosion and connecting with larger

fisheries, water conveyance, flood control, islands would provide greater protection for this
and the needs of other habitats; and unique habitat.

¯ restore a more natural elevation gradient inRestoring freshwater marsh habitat is dependent
wetlands to allow a greater diversity of nativeon local hydrological conditions (e.g., water
saline plant species, including special-statusdepth, water velocity, and wave action); land
species, that are adapted to differentelevation and slope; and the types and patterns of
elevations and provide a broader range ofsediment deposition. The approach to restoring
habitats for wildlife, freshwater marshes would include:

Enhancing and increasing tidal brackish marsh̄ reestablishing the hydraulic, hydrologic, and
habitat would also help to increase water quality, depositional processes that sustain freshwater
Areas restored to tidal flow will contribute to the marshes and inchannel islands;
aquatic foodweb of the Bay-Delta and provide

fish rearing habitat. Restoring tidal brackish̄ restoring a full spectrum of wetland
marshes would improve the ecological value of elevations to allow the establishment of a
adjacent associated habitats, including tidal greater diversity of plant species, including
aquatic habitats, and will provide an important special-status species adapted to different
transitional zone between open water and uplands, elevations within the tidal or water (nontidal

sites) column; and
Other habitat restoration efforts will .be directed
toward reestablishing native plant species,̄ providing a broader range of habitats for
controlling competitive weedy plants, increasing wildlife.
the quality of adjacent upland habitats to provide
refuge for wildlife during high tides, andRestoration of freshwater marshes would be
modifying land use practices that are incompatiblecoordinated with restoration of other habitats to
with maiiataining healthy wetlands. Restoringincrease overall habitat values. Restoration would
saline emergent wetlands would be coordinatedalso include reestablishment of the full diversity
with restoration of other habitats to increaseof freshwater marsh plant associations to ensure
overall habitat values. For example, salinethat the habitat needs of special-status and other
emergent wetland greatly increases wildlifespecies that are dependent on specific vegetation
habitat quality of deep and shallow open-waterassociations are met.
areas and adjacent grasslands.

Protecting and restoring freshwater marshes could
To prevent further loss of existing freshwaterbe accomplished by implementing elements of
marshes, erosion rates must be reduced,existing restoration plans such as Central Valley
Inchannel islands and levee berms are ofHabitat Joint Venture; expanding State and
particular concern. Erosion losses could be offsetfederal wildlife areas to create additional wetland

. by allowing deposition and wetland complexes; improving management of existing
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and restoring additi6nal freshwater marshes on̄ protecting existing habitat areas from
private lands; and reestablishing connectivity potential future degradation through
between the Delta and Delta islands, and between acquisitionof conservation easements or
channels with their histor.ic floodplains, purchase from willing sellers.

Major opportunities exist for restoring tidal Restoration of stream meander belts-and the
freshwater marshes. Actions that would helpprocess of overbank flooding along major
restore fresh emergent wetlands include: tributaries to the Bay-Delta as proposed in the

ERPP in other ecological zones will also create
¯ Setbacks or breaches of island levees to allowthe conditions necessary for the natural

water flows to naturally reestablish wetlands,reestablishment of freshwater marshes elsewhere
in the Central Valley.

¯ land elevations in the interior ofIn~rease
Delta islands where subsidence has loweredThese protection and restoration needs could be
land elevations below tidal emergent wetlandsmet by establishing cooperative efforts between

government and private agencies. This effort
¯ Use substrate materials to create levee bermswould coordinate implementation of existing

at elevations necessary for freshwaterrestoration strategies and plans; develop and
emergent vegetation implement alternative land management practices

on public lands to improve wetland habitat quality
¯ Modify, where consistent with flood control or promote habitat recovery; provide incentives to

objectives, levee vegetation managementprivate landowners to implement desirable land
. practices to allow wetland vegetation touse practices; establish additional incentive
naturally reestablish, programs tO encourage landowners to create and

maintain saline emergent wetlands; and protect
¯ Reintroduce native wetland plants intoexisting habitat areas from future degradation

suitable sites, through acquisition of conservation easements or
purchase from willing sellers.

These protection and restoration strategies .could
be implemented by:

INTEGRATION WITH OTHER
¯ establishing cooperative efforts between

government and private agencies to RESTORATION PROGRAMS
coordinate the efficiency of implementing
existing restoration strategies and plans;

Efforts to restore tidal brackish and fresh
¯ developing and implementing alternative landemergent marsh habitat would involve

management practices on public lands tocooperation with othe~ wetland restoration and
improve wetland habitat quality or promote management programs. These include:
habitat recovery, and provide incentives to
private landowners to implement desirable¯ Agricultural Stabilization and Conservation
land use practices; Service’s Wetland Reserve Program.

¯ establishing additional incentive programs tō Wildlife Conservation Board’sInland
encourage landowners to establish and Wetland ConservationProgram
maintain freshwater marsh wetlands; and
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¯ restoration programs administered by Duckshabitats. A variety of aquatic and terrestrial fish,
Unlimited and the California Waterfowl wildlife and plant communities deigend on healthy
Association ’ tidal brackish and freshwater marshes. These

include Suisun Marsh aster, California hibiscus,
¯ the SuisunMarshProtectionPlan bristly sedge, Jepson’s rule pea, Mason’s

lilaeopsis, marsh mudwort, Sanford’s arrowplant,
¯ ongoing management of State and federaland marsh scullcap and the salt marsh harvest

’- wildlife refuges and private duck clubs mouse.

¯ and the San Francisco Bay WetlandsTidal brackish marshes are impaired by reduced
Ecosystem Goals Project seasonal inflows of fresh water, land use, and loss

of upland habitat, and introduction an
Proposed ERPP targets may be adjusted to reflectproliferation of invasive salt marsh plant species.
goals identified by the San Francisco BayStressors that have reduced the extent of fresh ¯
Wetlands Ecosystem Goals Project. Restorationemergent wetlands include flood protection
efforts would be conducted in cooperation withpractices, levee construction, and the loss of tidal
agencies or organizations with responsibility orflow. Increased velocities in Delta channels
authority for restoring wetland and aquaticcauses erosion of wetlands and changes the
habitats, including: elevation of the land. Wind and boat wake

erosion also contribute to the loss of soil needed
¯ U.S. Bureau of Reclamation to support fresh emergent, wetlands in area where

midchannelislands and levee berms are present.
¯ California Department ofFish and Game,

¯ California Department of Water Resources, IMPLEMENTATION OBJECTIVE~

¯ U.S. Fish and Wildlife Service,~ TARGETS AND PROGRAMMATIC

ACTIONS
¯ U.S. Army Corps of Engineers,

¯ and the Delta Protection Commission             The implementation objective for tidal brackish

and freshwater marsh is to protect and enhance
existing wetlands by restoring tidally influenced

LINKAGE WITH OTHER brackish and freshwater marsh areas in the Delta.

ECOSYSTEM ELEMENTS The increased wetland area would expand the
populations and ranges of associated special-
status plant and animal species and would provide

Tidal brackish and freshwater marshes are linkedhabitat for waterfowl, shorebirds, and other
associated wildlife. It would also provide rearing ¯

to other ecological elements in the Bay. Tidalhabitat, foraging habitat and escape cover for fish.
exchange is an important ecological function that
restores the proper salinity and nutrient balanceThe following action would help achieve tidal ....
and mixed fresh and estuarine waters.

brackish marsh restoration:

Tidal brackish and freshwater marshes are closelȳ restore tidal flows to diked wetlands by
linked to open water areas and upland habitats.
The value of each habitat is increased by the

breaching dikes in suitable areas;

presence and quality of the adjacent types of 1
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¯ establish desirable estuarine salinity gradients private landowners to implement desirable
by managing water diversions and water land use practices;
releases from upstream reservoirs to controls
seasonal freshwater inflow into the Delta; ¯ establish additional incentive programs to

encourage landowners to establish and
¯ balance seasonal flows from reservoirs for maintain freshwater marshes; and

fisheries, water conveyance, flood control,
and the need of other habitats; ¯ protecting existing habitat areas from

potential future degradation through
¯ restore a more natural elevation gradient in acquisition of conservation easements or

wetlands to allow a greater diversity of native purchase from willing sellers.
saline plants species, including special-status

that adapted to Restoration of stream meander belts and theplcnt species differentare
elevations and provide a broader range ofprocess of overbank flooding along major
habitats for wildlife, tributaries to the Bay-Delta as proposed in the

ERPP in other ecological zones will also create
Actions that would help restore tidal freshwaterthe conditions necessary for the natural
marsh include: reestablishment of tidal brackish and freshwater

marsh habitats elsewhere in the Central Valley.
¯ setbacks or breaches of island levees to allow

water flows to naturally reestablish wetland;

¯ increase land elevations in the interior of
Delta islands where subsidence has lowered
land elevation below tidal emergent wetlands;

m use of substrate materials to create levee
berms at elevations necessary for freshwater
marshes;

¯ modify, where consistent with flood control
objectives, levee vegetation management
practices to allow wetland vegetation to
naturally establish;

¯ reintroduce native plants into suitable sites.

These protection and restoration strategies could
implemented by:be

establishing cooperative efforts between
government and private agencies to
coordinate the efficiency of implementing
existing restoration strategies and plans;

developing and implementing alternative land
management practices on public lands to
improve wetland habitat quality or promote
habitat recovery, and provide incentives to
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SEASONAL WETLAND HABITAT are frequently flooded, upland plants cannot
survive.

PLANT COMMUNITY GROUP
Vernal pools are seasonally flooded depressions
formed where a barrier, such as a clay pan or

INTRODUCTION cemented hard pan, restricts percolation of
rainwater and runoff from adjacent areas during
the winter rainy season. They support a distinctive

The Bay-Delta seasonal wetland habitat plant
herbaceous biota adapted to periodic or
continuous inundation during the wet season and

community includesvernal pools andgroup desiccated soils during the dry season (Holland
seasonally flooded areas. Vernal pools areand Jain 1977, Holland 1978, Thorne 1984, Zedler
probably best described as specialized
components of terrestrial (land-based) habitats1987, Jones & Stokes Associates 1990). Vernal

pools usually occur in depressions between small
and requiring specific geomorphic features. Othermounds or ridges in a hummocky, rolling, or
seasonally flooded areas may be described asreticulated~ landscape. They vary in size from
areas which flood for periods that are too long toseveral yards to well over 1 acre and the largest
support characteristic upland vegetation.
Seasonally flooded areas may occur in low

pools are really seasonal lakes, like Olcott Lake at
the perimeter of the permanent      the Jepson Prairie Preserve in Solano County.grasslandbasins,

marshes, and within a stream course or its
Vernal pools are common in grasslands in
northern Central Valley where the natural

floodplain. Historically, seasonal wetlandsgeomorphology remains relatively unchanged.
occurred throughout the Central Valley. Loss of
seasonal wetland habitat, vernal pools in
particular, has directly resulted in the listing of

Species commonly found as dominants in vernal

several species as threatened or endangered under
pools include goldfields (Lasthenia spp.),
navarretia (Navarretia leucocephala), prostrate

the federal Endangered Species Act. pigweed (Polygonum arenastrum), coyote thistle

Major factors that limit the contribution of this
(Eryngium spp.), woolly marbles (Psilocarphus

habitat type to the health of the Bay-Delta arespp.), popcorn flowers (Plagiobothrys spp.),

related to adverse effects of land conversion, and
downingias (Downingia spp.), annual hairgrass

substantial reductions in seasonal overbank
(Deschampsia danthonioides), and common
spikerush (Eleocharis macrostachya). Many

flooding. State- and federally listed plants, invertebrates,
and wildlife, including Contra Costa goldfields
(Lasthenia conjugens), legenere (Legenere

RESOURCE DESCRIPTION limosa), western spadefoot toad (Scaphiopus
hamondii), California tiger salamander
(Ambystoma tigrinum), and various fairy shrimp,

Vernal pools are associated with soils (claypan,are native to or associated with vernal pools. In
hardpan) that maintain standing water after winteraddition, a variety of birds, including migrating
and spring rains. In some areas of the Centralwaterfowl, shorebirds, and ground-nesting birds
Valley, high spring flows from the rivers andsuch as meadowlarks, commonly use seasonal
creeks saturate soils. Seasonal wetlands arewetlands habitat.
created when puddles or small ponds form in
depressions or standing water remains in low-Vernal pools are best distinguished from one
lying grass fields after river flows recede,another by specific geomorphic features then by
Although aquatic plants can establish in areas thatplant species composition. This is because the

species composition and the relative cover by
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each species varies not only between pools, butthe normal river flows, wetlands probably formed
varies from season to season within the pools,where rains and high flows left areas too wet for
Two venal pool ecosystem types are recognizedterrestrial plants to establish. These wetland areas

Bay-Delta region. They are provide high-quality a special statusin the northern habitatfor
claypan venal pools and northen hardpan venalplant, Sanford’s arrowhead (Sagittaria sanfordii),
pools, and a variety of wildlife including waterfowl,

other migratory birds, shorebirds, red-legged
Northen claypan venal pools contain mixo-frogs, giant garter snakes, and tricolored
saline water to freshwater ponded over claypans,blackbirds.
They occur on to alkaline,neutral silica-cemented
hardpan soils which are often saline. They areThe continued existence of the seasonal wetland
more widespread in the south San Joaquin Centralhabitat plant community group is closely linked to
Valley but range north into the Sacramentooverall ecosystem integrity and health. Although
Central Valley area. Alkaline types of claypanmany species that use seasonal wetlands are
vernal pools are characterized by a high alkalinemigratory (e.g., waterfowl and sandhill cranes),
salt content and dominance by plant speciesmany others have evolved (e.g., spadefoot toad,
adapted to these conditions. Alkaline pools occurfairy shrimp, and many specialized plants) and
on extr.emely salty soils such as the Pescaderoadapted to seasonal wetlands.
clay series underlying Olcott Lake in the Jepson
Prairie Preserve. Alkaline pools support commonThe extent and quality of the seasonal wetland
alkaline plants such as alkali heath (Frankeniahabitat plant community group has declined
salina), alkali mallow (Malvella leprosa), and because of cumulative effects of many factors,
alkali weed (Cressa truxillensis). Some specialincluding:
status plants found in alkaline pools include
bearded popcorn flower (Allocarya histriculus), [] modification of natural geomorphology such
Solano grass (Tuctoria mucronata), and Colusa as ground leveling for agriculture and
grass (Neostapfia colusana), development,

Northen hardpan vemal pools contain mixo-[] adverse effects of overgrazing,
saline water to freshwater impeded by hardpans.
They occur on old, acidic, iron-silica cemented[] contamination from herbicides,
soils including Coning, Redding, and San
Joaquin soil series. They are typically found on[] establishment of non-native species that have
old alluvial fans ringing the Central Valley. an adverse effect on native wetland plants and

wildlife,
Seasonally flooded areas play a vital role in the
natural succession of plant communities.[] flood control and water supply infrastncture
Seasonally flooded areas that maintain surface that reduces overbank flooding and floodplain
water for long periods may support herbaceous size, and
plant dominants in three recognized plant

- cattails, bulnshes, sedges. [] reduction of the natural underground watercommunities and
Historically, these emergent plant species were table that supported wetlands.
probably prevalent along natural stream Courses
where long-standing water reduced the ability ofExisting wetland regulations have been in effect
upland species to establish. These types offor several years in an attempt to prevent the
wetlands provide the essential building blocks forfurther loss of wetlands. The protected status of
the future establishment of riparian (streambank)wetlands has resulted in an extensive permitting ¯
scnb and eventually riparian woodland. Beyondprocess for constriction in wetland areas.
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Mitigation measures have been developed to INTEGRATION WITH OTHER
offset loss of existing wetlands as a result of
construction activities. These 6fforts have slowed RESTORATION PROGRAMS
the rate of wetland loss in many areas. Large-
scale efforts in areas such as the Suisun Marsh,
Grasslands Resource Conservation District, YoloEfforts to restore seasonal wetland habitat plant
Bypass, Cosumnes River Preserve, Jepson Prairiecommunities would involve cooperation with
Preserve, and Butte Sink have been successful inother restoration programs, including:
maintaining and restoring seasonal wetlands.

[] Upper Sacramento River Fisheries and
Riparian Habitat Council,

Vision ¯ Suisun Marsh Protection Plan,

¯ California Department of Fish and Game
The vision for the seasonal wetland habitat plant wildlife areas,community group is to improve the quality and̄ U.S. Fish and Wildlife Service refuges,
extent of these habitat plant community group by
restoring ecosystem processes that sustain them,̄ Cosumnes River Preserve,
preserving and enhancing their linkage to
important other habitat plant community groups̄ Jepson Prairie Preserve,
and reducing the effect of stressors.

¯ Solano County Farmland and Open Space
Restoration of seasonal wetland habitat will focus Land Trust,
on protecting and improving important existing
wetlands,reestablishingvernalpoolswithinand ¯ Ducks Unlimited Valley Care Program,
adjacent to existing ecological reserves, and
restoring seasonal wetlands in the Sacramento-̄ California Waterfowl Association,
San Joaquin Delta and Suisun Marsh/North San
Francisco Bay Ecological Zones. Seasonal̄ Cache Creek Corridor Restoration Plan,
wetland restoration will be coordinated with
restoration of other habitats, including shallow-̄ The Nature Conservancy,
water and riparian woodland and scrub.
Restoration would.include reestablishment of the
full diversity of seasonal wetland plant

¯ California Native Plant Society,

associations to ensure that the habitat needs of¯ Putah Creek South Fork Preserve,
special-status and other species that are dependent
on specific vegetation associations are met. ¯ Woodbridge Ecological Reserve,

Actions that would help protect and restore¯ Yolo County Habitat Conservation Plan,
seasonal wetland habitat plant communities are
contained in the Vision for Seasonal Wetland̄ and Central Valley Habitat Joint Venture.
habitat.
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LINKAGE WITH OTHER plants, invertebrates, and wildlife that use or
occur in vernal pools and ~easonally flooded

ECOSYSTEM ELEMENTS areas.

Actions that would help protect, restore, and
The seasonal wetland habitat plant communityenhance seasonal wetlands are contained in the
group is linked to other ecosystem elements in theVision for Seasonal Wetlands and as follows:
ERPP Study Area. The seasonal wetland habitat
plant community group includes vernal pools and[] implement existing restoration plans,
seasonally flooded areas that support many
species and communities of wildlife and plants.[] expand public and private preserves and
Seasonal wetland habitat plant communities are wildlife areas to create additional wetland
linked, to and secondary physical complexes, including-vernal pools andprimary
processes including geomorphology, vegetation seasonally flooded areas,
succession, overbank flooding, and floodplain
inundation. Seasonal wetland habitat plant[] improve management of existing wetlands
communities are linked to stressor elements and restore seasonal wetlands on private
including land use, non-native species, water lands,
management, and human disturbance. Seasonal[] reconnect channelized streams and rivers to
wetland habitat plant c6mmunities are linked to their historic floodplains,
habitat elements including vernal pool, seasonal
wetland, and emergent wetland habitats. Links to[] develop and implement alternative land use
wildlife elements include the greater sandhill practices on public and private lands that will
crane, fresh emergent wetland wildlife guild, protect and improve vernal pools and
riparian wildlife guild, shorebird and wading bird seasonally flooded areas and allow existing,
guild, waterfowl guild, and native amphibians and compatible land uses, such as seasonally-
reptiles. Vernal pool special-status plant species is managed grazing, to continue,
also linked to seasonal wetland habitat plant
communities. [] establish incentive programs to encourage

landowners to establish and maintain seasonal

IMPLEMENTATION OBJECTIVE~
wetlands,and

TARGETS~ AND PROGRAMMATIC
[] develop vegetation management programs to

enhance habitat value and reduce impacts
ACTIONS from stressors such as introduced species.

The implementation objective for the seasonal
wetland habitat plant community group is to
restore and manage this habitat type in the Delta
to help restore and maintain the ecological health
of the aquatic resources in and dependent on the
Delta: restore foodweb and floodplain processes;
reduce the effects of contaminants and water
management on the Delta’s aquatic resources; and
provide high quality habitat for plant and wildlife
resources including State- and federally listed
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INLAND DUNE HABITAT PLANT lessingia (Lessingia glandulifera), nude
buckwheat    (Eriogonum    nudum    var.

COMMUNITY GROUP auricalataum), and telegraph weed (Heterotheca
grandiflora). Individual emergent shrubs or coast
live oak (Quercus agrifolia) trees may be present

INTRODUCTION over the ground canopy. The ground layer is
generally open, and annual plants are seasonally
present. The low nutrient conditions of the soils
and natural instability of dune sands limit the

Inland dune scrub is associated with inland sand
dunes and is limited to the Delta in the vicinity of

amount of vegetation that establishes on the
inland dunes.

the Antioch Dunes Ecological Reserve. This
habitat area supports two plant and one butterfly
species listed as endangered under the federal

Direct and indirect disturbances are reducing the
extent and health of inland dune scrub habitat and

Endangered Species Act. Major factors that limit
this resource’s contribution to the health of the

its associated plants and animals. Sand mining
directly habitat.Urbandevelopmenthas

Delta are related to adverse effects of sand
removes

moved onto historical dune habitat and changed
mining, dune conversion to other land uses, dunewind-flow patterns. Excessive foot traffic, off-
stabilization, and land use practices that maintainroad vehicle traffic, and grazing disturb dune
the dominance of non-native plants, surfaces, which makes dunes more susceptible to

erosion. Application of herbicides, pesticides, and
fertilizers change ecological processes that may

RESOURCE DESCRIPTION encourage or support non-native species.
Structures or activities that reduce or accelerate
winds, wind-disturbances, or barriers to wind-

Antioch Dunes. Inland dune scrub is localized indriven sand movement disrupt the process that
areas of wind-modified stream deposits in thesustain dunes. Wind patterns blow river-
south and western Delta. Inland dune scrub existsdeposited sand into shifting dunes. Shifting sand
between Antioch and Oakley, south of Rio Vista, offers little stability for establishing plant root
and on Brannan Island. Soil information indicatessystems. Plant species characteristic of dunes
that the total inland sand-dune habitat withinsurvive within a disturbance threshold. Direct
Contra Costa, Solano, and Sacramento Countiesdisturbances inhibit the ability of dune-associated
was historically less than 10,000 acres,plants to establish and result in loss of plant vigor
Remaining habitat areas are being protected,or mortality. Sand movement barriers create
Most protected inland dune scrub is located within conditions unfavorable for establishing native
the Antioch Dunes Ecological Reserve anddune vegetation. These types of disturbances
Brannan Island State Park. These protected areascreate site conditions conducive to establishing

important, but small, relictual examples invasive weedy plants. Non-native weedsrepresent
of this unique habitat, compete with native dunes plants and reduce

overall habitat quality. Continued disturbance of
The vegetation at Antioch Dunes consists ofpotentially restorable adjacent habitat could
scattered forbs and grasses that form a groundinterfere with protecting and restoring additional
canopy. Characteristic plant species includeareas of high-quality habitat by affecting dune
Antioch dunes evening-primrose (Oenothereastructure and destroying buckwheat which serves
deltoides ssp. howellii), California croton (Crotonas foot for the Lange’s metalmark, a federally
californicus), California matchweed (Gutierrezia listed as endangered species, as well as the
californica), Contra Costa wallflower (Erysimumfederally listed Antioch dunes evening primrose
capitatum), devil’s-lettuce (Amsinckia tesselata), and Contra Costa wallflower.
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VISION of herbicides, pesticides, and fertilizers would be
eliminated except if it is necessary for specific
non-native weedy plant species removal.

The vision for inland dune scrub habitat is to
protect and enhance existing areas and restore
former habitat areas. Achieving this vision will INTEGRATION WITH OTHER
provide high-quality habitat for associated RESTORATION PROGRAMS
special-status plant and animal populations.

Restoration of inland dune scrub would focus onEfforts to restore inland dune habitat will involve
protecting and improving important existingcooperation with programs managed by the
habitat areas. Historic inland dunes adjacent toAntioch Dunes National Wildlife Refuge.
existing ecological reserves in the Sacramento-Cooperation from agencies with responsibility or
San Joaquin Delta Ecological Zone would beauthority for restoring inland dune habitat will be
reestablished. Protecting and restoring inlandsolicited. These include:
dune scrub habitat would begin by identifying
areas that are not currently managed for their̄ California Department ofFish and Game,
resource values. Appropriate methods to protect
and restore identified areas would be developed.̄ U.S. Fish and Wildlife Service,
Protected habitat areas would be evaluated to
determine effective restoration management[] U.S. Army Corps of Engineers, and
practices to increase habitat value. The results of
these evaluations would determine how habitat[] Delta Protection Commission.
would be protected and restored. For example,
importing sand from areas proposed for
development into low-quality areas proposed for
restoration will provide important natural. LINKAGE WITI-IOTHER
substrate that will increase the restoration ECOSYSTEM ELEMENTS
potential. Management of the inland dune areas
that are currently protected should focus on
maintenance of the natural conditions to assureInland dune habitat is limited thescrub to area
the natural dune ecosystem process is continued,near the Antioch Dunes Ecological Reserve. This

type of habitat is important for two plant and one
butterfly species listed as endangered under the

Reduction of stressors will be the key infederal Endangered Species Act.
establishing a long-term protection programs. In
protected areas, management would includeIt is adversely affected by human caused actions
reducing human access to dune areas,that contribute to erosion and spread of non-native
Development of small boardwalks will reducespecies.
human disturbance in areas where recreational
access or interpretive trails are needed. Access to
the dunes by motorized or other vehicles would be
~prevented except as part of restoration and
enhancement activities. Management activities
would include exotic weed plant species removal
and habitat enhancement to allow the
establishment of native inland dune species. Use                                              .
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IMPLEMENTATION OBJECTIVE,

TARGETS, AND PROGRAMMATIC

ACTIONS

The implementation objective for inland dune
scrub habitat is to improve low- to moderate-
quality Delta inland dune habitat to support
special-status plant and animal species and other
associated plant and wildlife species. Managing
protected areas could include reducing
disturbance of dunes and dune vegetation. This
could be accomplished by reducing vehicle and
pedestrian access to dune areas. Protective
structures, such as small boardwalks could, be
built. These actions would reduce habitat
disturbance while maintaining recreational access.
The following actions would help restore inland
dune habitat:

[] remove barriers to wind-driven sand-dune
movement to increase the area that would be
available for natural expansion of the sand-
dune base.

[] import sands from areas being developed or
clean sand dredged from Bay-Delta channels
to increase restoration potential and dune
area.

[] control non-native weeds to recreate
conditions suitable for reestablishment of
native dune plants.

[] reduce the use of herbicide, pesticides, and
fertilizers that adversely effect native dune
vegetation and wildlife.

Dune habitat protection and restoration strategies
could be implemented through cooperative efforts
with existing ecological reserves. Restoration
efforts should focus on implementing existing
protection and restoration programs, establishing
cooperative agreements with land management
agencies, and establishing conservation easements
of purchasing land from willing sellers.
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TIDAL RIPARIAN HABITAT More extensive and continuous riparian
vegetation cover on along rivers and in the Delta

PLANT COMMUNITY GROUP will stabilize channels; help to shape submerged
aquatic structure; aquatichabitat benefit the
environment by contributing shade, overhead

INTRODUCTION canopy, and instream cover for fish; and reduce
local water temperatures. More extensive and
continuous riparian vegetation associated with

The tidally influenced shorelines of rivers and thewoody debris (branches and root wads) and leaf

Delta are often vegetated with woody riparianand insect drop in shallow aquatic habitats will
increase the survival and health of juveniletrees and shrubs. The structure of this riparian
salmonids and resident Delta native fish.vegetation can be like that of a forest, woodland,
Achieving this objective will also greatly enhanceor scrtm or may be a mosaic of these formations.

Riparian vegetation supports a great diversity ofthe scenic quality and recreational experience of
the Delta and its waterways.wildlife species and serves as important habitat

for a variety of resident and migratory songbirds.
Riparian vegetation also shades riverine aquatic
habitat which is important habitat for many RESOURCE DESCRIPTIONS
species fish, waterfowl,of andwildlife.

Major factors that limit these plant communities’Tidal riparian habitat includes several plant
contribution to the health of the Bay-Delta includecommunity Environmental factors suchgroups.
historic riparian vegetation loss or degradationas substrate, hydrology, and degree of salt water
and nearshore aquatic habitat alteration frominfluence determine which plant community
channelization, stabilization of channel banksgroup will occur in a given area. The plant
with riprap, construction of levees, and control ofcommunity groups that comprise, tidal riparian
flows, habitat include black willow, sandbar willow,

white alder, buttonbush, Mexican elderberry, and
Restoring riparian vegetation will involvevalley oakseries.
reactivating’or improving natural physical
processes. Natural streamflows, stream meanders,Historically the Central Valley floor had
and sediment transport create and sustain theseapproximately 922,000 acres of riparian
vegetation types and increase the complexity andvegetation (Katibah 1984) supported by a
structural diversity of the habitat. Natural sourceswatershed of more than 40,000 square miles.
of gravel and other sediments along rivers andToday, approximately 100,000 acres of riparian
floodplains provide materials needed to create and.forest remain. About half of this riparian habitat
sustain healthy riparian vegetation. Whereis in a highly degraded condition, representing a
improvements to physical processes do notdecline of 90%(Katibah 1984). The Sacramento
adequately restore riparian vegetation, directRiver once supported 500,000 acres Of riparian
modification may be necessary to restoreforest; it nowsupports 10,000-15,000 acres, or
vegetation to its target acreage and quality, just 2-3% of historic levels (McGill 1979, 1987).

From about 1850 to the turn of the century, most
A major increase in tidal riparian plantof the forest was destroyed for fuel as a result of.
community groups will improve the foodweb andthe Gold Rush and river navigation, and by large
provide important habitat for threatened andagricultural clearing. Additional clearing in the
endangered terrestrial wildlife species, such as theearly and mid 1900’s coincided with the aftermath
yellow-billed cuckoo and Swainson’s hawk. of flood control reservoir and levee projects.
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These projects allowed for the clearing offlood events and the dense shade.provided by the
floodplain riparian vegetation for orchards, crops,shrubs.(Sawyer et al. 1996)
flood bypasses, and urban areas. Similar
activities have occurred on the San Joaquin RiverNarrowleaf willow series often occurs at sites
and other rivers in the Central Valley. along the margins of rivers that are continuously

disturbed by sediment deposition. Older stands
Riparian areas along rivers within the Delta, andnarrowleaf willow series are typically found on
areas within the Delta itself, are influenced by thesites that are former sandbars that have been
daily ebb and flow of the tide in the Pacificisolated from the main channel of a waterway
Ocean. Six distinct plant series are found withineither through channel migration or as a result of
these tidal riparian areas: black willow series,flood control. Narrowleaf willow series
narrowleaf willow series, white alder series,intergrades with tidal brackish and freshwater
buttonbu~ series, Mexican elderberry series, andmarsh habitats in some areas and with black
valley oak series. These six series are brieflywillow series, white alder series, andbuttonbush
described below, series.

Black Willow Series: In the black willow series White Alder Series: In the white alder series
black willow is the sole or dominant woody plant white alder is the sole or dominant tree in the
that forms a forest or shrubland. In this seriescanopy. Other trees that may be present include
black willow can be a tree or a shrub dependingCalifornia sycamore, Oregon ash, or California
on frequency or severity of disturbance, or thebox-elder. Depending on the level of flooding in
seral stage of the site. Other trees occasionallythis series the shrub layer can be dense to sparse.
found in the canopy include California sycamore,The ground, or herb, layer in white alder series
Fremont’s cottonwood, white alder~ and Oregon can be variable, however, it is typically sparse in
ash. Other shrubs that may be present in the blackthe Central Valley. (Sawyer et al. 1996)
willow series include other species of willow,
mulefat, Mexican elderberry, and Himalaya berry.White alder series occurs along the banks of rivers
The herb layer in black willow series can varytypically in areas that experience high energy
greatly depending on substrate conditions and siteintermittent flooding. White alder series typically
hydrology. (Sawyer et al. 1996) is best developed along the low-flow margins of

rivers and streams. White ~alder series intergrades
Black willow series is typically found at sites thatwith black willow series, narrowleaf willow
are seasonally flooded or saturated withseries, and valley oak series.
freshwater along low-gradient depositions along
rivers, streams, or sloughs. Black willow seriesButtonbush Series: In the buttonbush series
intergrades with tidal brackish and freshwaterbuttonbush is the dominant shrub in the canopy
marsh habitats and with narrowleafwillow series,with occasional shrubs of red osier dogwood,
white alder series, and buttonbush series, narrowleafwillow, or other willows also present.

Buttonbush series typically forms extensive dense
Narrowleaf Willow Series: In the narrowleaf canopies at the water’s edge and typically has a
willow series narrowleaf willow is the sole or sparse ground layer. (Sawyer et al. 1996)
overwhelmingly dominant shrub in the canopy.
Other trees or shrubs infrequently found in theButtonbush series occurs along intermittently
canopy include other species of willow, Fremont’sflooded and seasonally saturated freshwater sites
cottonwood, and white alder. The herb layer in along rivers or sloughs. Buttonbush series
narrowleaf willow series is usually sparse orintergrades with black willow series, narrowleaf
absent because of the frequent scouring fromwillow series, and tidal brackish and freshwater

marsh habitat plant communities.
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Mexican Elderberry Series: Mexican elderberryIn general, tidal riparian vegetation is healthiest
is often the dominant shrub in the canopy ogwhere ecosystem processes are in the most
Mexican elderberry series. Other shrubs that mayunaffected natural state. These unaffected sites
occur in this series include California wild grape,are also the most resilient to human and natural
narrowleafwillow, Oregon ash, and coyote brush,disturbance. Ecosystem processes that are
Occasional Fremont’s cottonwood or valley oak integral components of tidal riparian vegetation
trees may also be present. Mexican elderberry isinclude sediment transport, deposition, and scour.
a species that also frequently occurs in valley oakThese components support the succession and
series. The ground layer in Mexican elderberryregeneration of riparian vegetation promoting its
series is variable but often consists of non-nativecontinued existence and continuedensuring
grasses and herbs. (Sawyer et al. 1996) habitat benefits for the aquatic environment.

Pdparian vegetation serves many important
Mexican elderberry series typically occurs onecological functions. Riparian vegetation absorbs
high floodplains or low terraces of rivers andnutrients and produces primary (plant) and
streams. These sites experience infrequentsecondary (invertebrate) biomass at very high
flooding but do have seasonally high water tables,rates. This biomass feeds numerous fish and
Mexican elderberry is the host plant for thewildlife species. Birds and small mammals nest

Valley elderberry longhorn beetle, a federallyand take cover in the protective foliage of trees
listed threatened species. Mexican elderberryand shrubs. Trees also shade and cool floodplains
series intergrades with valley oak series and olderand channels. Water velocities are slowed by
stands of narrowleaf willow series that occur onriparian vegetation, allowing sediment to settle
abandoned floodplains, and create n.ew landforms. Riparian foliage also

stabilizes channels and banks, thereby rendering
Valley Oak Series: In Valley oak series valleythe characteristic geomorphology of estuaries,
oak is the sole or dominant tree in the canopy. Inrivers, and streams.
valley oak series that occurs on the high
floodplains and low terraces of rivers other treePrimary stressorsaffecting tidal riparian
species that may be present include Californiavegetation include:
sycamore, Fremont’s cottonwood, and Oregon
ash. The shrub layer in valley oak series is̄ channel straightening and clearing
typically sparse. Common shrubs include poison
oak, Mexican elderberry, and occasional willows ¯ levee construction and bank hardening to
in wetter sites. Lianas of California wild grape protect bridge abutments and diversion
growing into the canopy are common in this structures (e.g. with rip-rap);
series. The ground layer in this series is typically
grassy and is often dominated by native perennial̄ instream gravel mining and riparian zone
grasses where extensive ground disturbance has grazing;
not occurred.

¯ flow modifications affecting sediment
Valley oak series typically occurs on the high transport and riparian plant germination;
floodplains and low terraces of rivers and streams.
These sites are infrequently or frequently flooded̄ removal, burning, and fragmentation of
for relatively short durations. Valley oak series mature riparian vegetation; and
intergrades with Mexican elderberry series and
infrequently with older stands of narrowleaf̄ loss of sediment and bedload from watershed
willow series, sources upstream of dams.
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Other stressors that affect tidal riparian vegetationplant communities on both the less frequently
include (listed in increasing importance andflooded higher floodplain elevations and lower
magnitude): frequently flooded floodplain and streambanks.

[] human set fires along riparian corridors; The simple preservation of remaining natural
riparian vegetation will not ensure the diversity,

[] new expansion of orchards and vineyards intoand resilience of these habitats. Many remnant
the riparian floodplain; natural sites no longer have all the physical

processes necessary to ensure their continued
[] displacement by invasive non-native trees andexistence and habitat value. Additionally,

shrubs (e.g. giant reed and black fig); remaining natural riparian areas are in many cases
highly fragmented and disturbed reducing their

[] unusually high summer stage in rivers thatoverall habitat value. Most riparian vegetation
supply increasing demand for downstreamrestoration projects in the Central Valley have
water diversions; been implemented on a relatively small scale,

primarily as mitigation for project impacts or as
[] groundwater lowered below the root zone, infill of existing protected preserves.

and
Where natural physical processes are intact, or

[] expanded clearing of channel vegetation increated through active land and water
response to recent flood events that calledmanagement, suitable conditions for the
into question the capacity of levee-confinedrestoration (e.g. natural colonization or active
rivers and streams, restoration) of riparian vegetation will exist. Even

partial restoration or simulation of natural
Most stressors have an indirect but lasting effectphysical processes will amplify ecosystem
on riparian vegetation. These stressors can affectprocesses and resultant habitat quality. Rivers
the ability of riparian vegetation to recoverand Delta estuaries where natural fluvial
following disturbance and can reduce the overallprocesses and landforms are relatively intact need
quality ofthehabitat. Collectively, thesestressorsto be identified and highlighted as potential
have substantially reduced the quality andreserves ofriparianvegetation.
resilience of tidal riparian vegetation, thereby
diminishingtheir effectiveness in providing for Successful restoration of riparian vegetation
the life cycle requirements of fishes of the Deltadepends on the recovery or simulation of natural
and Sacramento and San Joaquin Rivers and theirfluvial processes and landforms. Revegetating
tributaries, and artificially altering stream channels will be

considered only where overwhelming limitations
prevent natural recovery of these physical

VISION processes and ecosystem functions.

The vision for tidal riparian vegetation is to INTEGRATION WITH OTHER
protect and increase its area and quality. RESTORATION PROGRAMS
Achieving this vision will assist in the recovery of
special-status fish, wildlife, and plant populations
and provide high-quality habitat for other fish,Efforts to achieve the vision for tidal riparian
wildlife, and plants dependent on the Bay-Delta.habitat communities may involve coordination
The vision includes restoring native tidal riparianwith other programs. These include:
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¯ U.S. Army Corps of Engineers’ proposed displacement by invasive non-native species, land
reevaluation of the Sacramento River flooduse conversion, flood control activities, and
control project and ongoing bank protection lowered groundwater levels.
project, including more comprehensive
floodplain management and river ecosystem
restoration opportunities; IMPLEMENTATION OBJECTIVE~

¯ proposed riparian habitat restoration and TARGETS~ AND PROGRAMMATIC
floodplain management and riparian ACTIONS
restoration studies for the San Joaquin River,
including potential new flood bypass systems
and expanded river floodplains on landsThe implementation objective for tidal riparian
recently acquired by State and federalvegetation is to restore and enhance black willow,
agencies and land trusts; narrowleaf willow, white alder, buttonbush,

Mexican elderberry, and valley oak series along
¯ ongoing Sacramento Valley conservationlargely non-vegetated, riprapped banks of Delta

planning by The Nature Conservancy andisland levees, the Sacramento and San J0aquin
other private nonprofit conservationRivers, and their major tributaries and abandoned

farmland that once supported riparian vegetation.organizations;

Restored riparian vegetation can provide shaded
¯ ongoing coordination efforts and programs ofriverine aquatic cover for fish species, associated

special-status plant and animal species, and othertheWildlifeConservationBoard, including
the Riparian Habitat Joint Venture;               resident and migratory wildlife.

¯ all county-sponsored instream mining and and simulation of naturalRecovery physical
reclamation ordinances and river and streamprocesses and landforms will be accomplished
management plans; using the following integrated steps:

¯ and the California Department of̄ locating setback levees to expand potential
Conservation reclamation planning assistance riparian floodplain;
programs under the Surface Mining and
Reclamation Act.                               ¯ expanding the storage, detention, and bypass

capacity of the Sacramento and San Joaquin
River flood control project to allow natural

LINKAGE WITH OTHER expansion of riparian vegetation within levees

ECOSYSTEM ELEMENTS and the Sutter and Yolo Bypasses; and

¯ designating, acquiring title or easements for,
and deliberately managing river riparianTidal riparian vegetation is linked to the

ecological health of many ERPP Ecological Zones corridorsthroughouttheCentralValley.

and Units. This type of vegetation is important toThe following actions would restore or enhancemany fish, wildlife, and plant species andsediment supplytoriversand streams:
communities. It is adversely affected by many
stressors that include levee construction and̄

reduce bank hardening by creating meandermaintenance, flood flow patterns, summer flow
patterns, gravel mining, fragmentation of existing

zones and widening floodplains;

stands of vegetation, competition and
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¯ analyze alternative approaches for water̄ establishing weed control programs to
diversions and associated intake and suppress the expansion of tamarisk, giant
screening facilities on the mainstem river to reed, locust, black fig, and other invasive non-
avoid hardening the bank in some sections of native plants degrading habitat quality and
the river; native flora.

¯ remove small, nonessential dams on gravel-Reservoir operations will be evaluated to
rich streams; determine whether winter and spring releases can

be augmented with flood simulation spikes every
¯ eliminate mining in streams and on low1-10 years. Simulated flood spikes would

floodplains near channels; mobilize bed and bank deposits to redistribute,
sort, and clean spawning gravels and scour deep

¯ wider bridges to broaden out-of-bank flow pools between riffles.
and eliminate the need to riprap vulnerable
bridge abutments; and Restoring and enhancing riparian vegetation

should be accomplished by eliminating the
¯ breach or remove nonessential leveesstressors and recovering or simulating the

restricting former tidelands that wouldphysical processes and fluvial landforms
capture sediment needed to create tidaldescribed above. Vegetation restored in this
mudflatsandestuarylandforms, manner will be more resilient to future

disturbances; require little or no long-term
Opportunities for reducing riparian vegetationmaintenance; be self-sustaining; and be more
stressors include: compatible with flood control requirements.

¯ phasing out instream gravel mining; However, vegetation fragmentation and severe
limitations of the physical environment will not

¯ designating and acquiring "stream erosionallow ecosystem processes and functions to fully
zones" to reduce the use of bank riprap andrecover on many segments of valley streams and
allow greater normal recolonization; Delta estuaries. In these solutions, some large-

scale stream channel sculpting, gravel additions,
¯ designing biotechnical slope protectionand riparian replanting may be necessary. For

measures that allow riparian vegetation to beexample, the lower Sacramento River has
established within levees; abandoned river floodplains and sediment is in

short supply. Naturally reactivating these habitats
¯ phasing out or reducing livestock grazing inwould be nearly impossible. Restoring these

riparian zones; habitats would require human intervention.
Revegetation projects should be contemplated

¯ establishing conservation easements foronly where native trees and grasses many no
purchase of land or using other incentives tolonger germinate naturally but have a high
reduce or eliminate cropland conversion or probability of unaided survival and vigorous
riparian forest; growth following I-5 years of artificial irrigation.

¯ identifying levee-confined channels and
banks where routine vegetation removal by
local reclamation districts can be safely
discontinued; and
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WESTERN SPADEFOOT AND
CALIFORNIA TIGER SALAMANDER

of individual habitat patches within the fragmented
pockets that the species are known to inhabit.

The western spadefoot toad is primarily a lowlands
species, frequenting washes, river floodplains,
alluvial fans, playas, and alkali flats, but also
ranges into the foothills and mountain valleys.

~ Tiger salamanders typically inhabit scattered
ponds, streams, or pools areintermittent vernal that
associated with grassland-oak woodland habitat
below Elevation 1500. Vernal pools covering more
than 250 square feet, with fairly turbid water,

INTRODUCTION provide optimal habitats. Most surface movements
of the western spadefoot and California tiger
salamander, including breeding activity, are
associated with the onset of fall and spring rainsThe western spadefoot and California tiger

salamander occur throughout much of the Central
that fill traditional breeding ponds. Warm days

and followed by. rainsor high humidity levels at nightValley, SanFranciscoBay,andcoastranges
foothills below 3,000 feet, as well as along thetrigger reproductive and foraging activities and

adults of these species sometimes appear in largecoast in the southern portion of the State.
Declining .populations have warranted theirnumbers.

designation as species of special concern and
species of concern by the California Department ofThe greatest threat to tie continued existence of

both species is habitat loss and competition by
Fish and Game (DFG) and U.S. Fish and Wildlife
Service, respectively. Major factors that limitnon-native species. Habitat loss is a result of

increased urbanization and conversion of nativethese resources’ contribution to the health of the
Delta are related to adverse effects of conversion ofgrasslands to agriculture. The spadefoot and

seasonal wetlands and adjacent uplands to othersalamander may be found in high densities in

land uses and excessive mortality resulting fromisolated areas but adjacent breeding habitat is

introduction of non-native predators and some landincreasingly being converted for other uses.

use practices. Introduction of predatory fish and bullfrogs in
known breeding ponds is also an important factor
attributed to the decline of these species. Juvenile

RESOURCE DESCRIPTION and bullfrogs can. prey on larvae and terrestrial
forms of these native species. Other important
stressors that affect the spadefoot and salamander

Western spadefoot toad and California tigerare rodent control activities, which reduce the
salamander populations have declined primarily asavailability of summer estivation (burrowing) sites.
a result of habitat loss or degradation andThe use of rodent burrows may be more important
competition or predation from non-native species,for the California tiger salamander than for western
The abundance from population to population isspadefoot because spadefoots can build their own
unknown but is influenced by the size and qualityburrows and also use other appropriate niches.

Research on the extent and necessity of burrow use
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by both species would be valuable. In addition to INTEGRATION WITH OTHER
rodent control activities, development of roads
between breeding ponds and terrestrial habitats, RESTORATION PROGRAMS
resulting in deaths from automobiles during the
species’ migrations, has also contributed to the
decline. Wetland restoration and management programs

which contribute to restoration or maintenance of
vernal pools that would improve habitat for the

VISION western spadefoot and California tiger salamander
include:

¯ the Agricultural Stabilization and
The vision for the western spadefoot and the Conservation Service’s Wetland Reserve
California tiger salamander is to assist in the Program, and
recovery of these species in the Bay-Delta.
Achieving this vision will contribute to overall̄ the’ Wildlife Conservation Board’s Inland
species richness and diversity and reduce conflict Wetlands Conservation Program.
between the need for their protection and other
beneficial uses of land and water in the Bay-Delta..
Protecting and restoring existing and additional LINKAGE WITH OTHER
suitable aquatic, wetland, and floodplain habitats
and reducing the effect of other factors that can ECOSYSTEM ELEMENTS
suppress breeding success will be critical to the
recovery of the western spadefoot and California
tiger salamander. Restoration of vernal pool
habitats in the Sacramento-San Joaquin Deltais integrally linked with restoration of riparian and
Ecological Zone will help recover this species bywetland habitat in the Central Valley.
increasing habitat quality and area. Restoration of
ecosystem processes and habitats-in other
ecological zones will also allow naturalIMPLEMENTATION OBJECTIVE~
floodplains, meander corridors, seasonal pools, and
vernal pools to develop that will assist in theTARGETS~ AND PROGRAMMATIC
recovery of populations of these species elsewhere ACTIONS
in their range.

Implementing guidelines developed by DFG forThe implementati6n objective for the western
vegetation, grazing, traffic, and pest managementspadefoot toad and California tiger salamander is
would increase these species’ reproductive successto assist in the recovery of these special-status
and reduce the level of mortality from unnaturalspecies in the Bay-Delta in order to contribute to
sources. These guidelines could be implementedoverall species richness and diversity and reduce
through cooperative agreementswith land conflict between the need for their protection and
management agencies and organizations andother beneficial uses of water in the Bay-Delta.
development and implementation of incentive
programs to encourage land use practices thatThe general target for western spadefoot and
improve habitat conditions for and reduceCalifornia tiger salamander are to increase the
mortality on these species, population size of each species.
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General programmatic actions that will assist in
reaching the targets include:

¯ protecting existing habitats from urbanization
and conversion to irrigated pasture,

¯ improve degraded habitats,

¯ increase vernal pool .habitats in the Central
Valley;

¯ reduce the use of herbicides that adversely
aff---,ct western and California tigerspade foot
salamander and their habitats;

¯ reduce mowing, to the extent .feasible, to
control vegetation and livestock grazing near
occupied seasonal wetlands from October to
March;

¯ reduce traffic, where feasible, on roads crossed
by these species during migration periods;

¯ develop alternative control measures to replace
the use fumigants to control rodents; and

¯ drain waterways used by the spadefoot and
salamander during the periods when these
species are dormant could be beneficial by
reducing populations of non-native predatory
fish and bullfrogs.
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CALIFORNIA RED-LEGGED FROG !

Baja Califomia. Small populations still exist in the
Central Valley and Sierra Nevada, but numbers
appear to be declining in both places. Reasons for
the decline of this species include the degradation
and loss of critical wetland breeding and adjacent
terrestrial habitats.

Human-caused stressors add to the species decline.
In occupied species-areas, some agricultural
practices, such as disking, mowing, burning, and
pest control, result in direct mortality or
degradation of habitat. The introduction of non-
native fish, bullfrogs, and crayfish, all of which
prey on larval, juvenile, or adult red-legged frogs

INTRODUCTION increases the threat to the survival of this species.
Some introduced predatory fish are. large enough to
injure some adults and eat juvenile red-legged

The California red-legged frog is California’sfrogs. The only reasonably protected population in
the Central Valley is the Corral Hollow Ecologicallargest native frog. Its habitat is characterized by      Reserve. However, this reserve is

currentlydense, shrubby riparian vegetation associated withthreatened by siltation from off-road vehicle usedeep, still, or slow-moving water that supports
and livestock grazing.emergent vegetation. The distribution and

population of this species has declined
substantially, primarily as a result of habitat loss or
degradation and excessive predation. The loss of VISION
habitat and declining condition of the species’
population have warranted its listing as threatened
under the federal Endangered Species Act and aThe visior~ for the California red-legged frog is to
Species of Special Concern by DFG. Major assist in the recovery of this federally listed
factors that limit this resource’s contribution to the ,threatened species. Achieving this vision will
health of the Delta are related to adverse effects ofcontribute to the overall species richness and
the loss or degradation of critical wetland anddiversity and to reduce conflict between protection
riparian habitats and the introduction of non-nativefor this species and other beneficial uses of land
predators, and water in the Bay-Delta.

Protecting existing and restoring additional

RESOURCE DESCRIPTION suitable aquatic, wetland, and riparian habitats and
reducing mortality from non-native predators will
be critical to achieving recovery of the California

The California red-legged frog historically red-legged frog. Restoration of aquatic, wetland,
and riparian habitatsin the Sacramento-Sanoccurred throughout the Central Valley and now

exists only in small isolated populations scatteredJoaquin Delta Ecological Zone will help in the

throughout its historical range. Its current range isrecovery of this species by increasing habitat
quality and area. Establishing emergent vegetationchiefly west of the Cascade-Sierra crest from
(Salix sp., Typha sp., and Scirpus spp.) in canals,Redding in Shasta County, California, to northwest
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side channels, and backflow pools would provide¯ restoration programs administered by Ducks
breeding habitat, forage and escape cover for the Unlimited and the California Waterfowl
California red-legged frog. Establishing these Association, and
habitats in each ecological unit of the Sacramento-
San Joaquin Delta Ecological Zone would creatē ongoing management of State and federal
migration corridors by linking habitat areas, wildlife refuges and private duck clubs.

Restoration of ecosystem processes and habitats inRestoration efforts will be conducted in
other ecological zones will also allow naturalcooperation with agencies or organizations with
floodplains, stream meanderings, and seasonalresponsibility or authority for restoring wetland
pools to develop that will assist in the recovery ofaquatic habitats including:
population elsewhere in the red-legged frog’s
range. Restoring optimal red-legged frog habitat̄ California Department of Fish and Game,
will also reduce its susceptibility to predation and
will reduce suitable’ habitat conditions for non-̄ California Department of Water Resources,
native predators.

¯ U.S. Fish and Wildlife Service,
California red-legged frog cannot be adequately
restored to the Central Valley or the foothill areas̄ U.S. Army Corps of Engineers, and
without re-introduction. Recovery strategies
should focus on property acquisition to preservē Delta Protection Commission.
areas where the frog is present and to conduct
detailed surveys in the western valley and Sierran
foothills for remnant populations. Bullfrog LINKAGE WITH OTHER ’
predation is a major concern and focused predator
management should be developed and ECOSYSTEM ELEMENTS
implemented on a case-by-case basis in areas
identified as important to frog populations.
Reintroductions on State and Federal refuge landsRestoration of the red-legged frog populations is
with a predator management scheme should beintegrally linked with restoration of riparian and
considered, wetland habitat in the Central Valley.

INTEGRATION WITH OTHER IMPLEMENTATION OBJECTIVE,

RESTORATION PROGRAMS TARGETS, AND PROGRAMMATIC
ACTIONS

Wetland restoration and management programs
that would improve habitat for the California red- The implementation objective for the Californialegged frog include: is assist in the of thisred-leggedfrog to recovery

federally listed threatened species. Recovery of the¯ the Agricultural    Stabilization    and California red-legged frog would contribute to
Conservation Service"s Wetland Reserveoverall species richness and diversity and reduce
Program, conflict between the need for its protection and

other beneficial uses of land and water in the Bay-
¯ the Wildlife Conservation Board’s Inland Delta.

Wetlands Conservation Program,
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The general target is to increase the population size !
and distribution of the red-legged frog.

General programmatic actions to assist in reaching i
the target include:

¯ acquire land to preserve areas where frogs are I
present,

¯ develop predator (bullfrog) control programs, I

¯ increase wetland and riparian habitats in the
Centr~ Valley;

I
¯ reduce the use of herbicides that adversely

affect red-legged frog and their habitats; and
!

¯ use fumigants to control rodents from only
¯ October to March in known occupied habitats.

I

!
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GIANT GARTER SNAKE AND WESTERN POND TURTLE

Special Concem by Califomia Department ofFish
and Game (DFG).

~ Major factors that limit these resources’
contribution to the health of.the Delta are related
to adverse effects of conversion of aquatic,
wetland, riparian, and adjacent upland habitats to
other land uses and land use practices that degrade

~
the value of otherwise suitable habitat areas.

RESOURCE DESCRIPTION

The western pond turtle inhabits ponds, rivers,
streams, lakes, marshes, and irrigation ditches
with rocky or muddy bottoms. Dense cover and

INTRODUCTION exposed basking sites are important components
of these wetlimd habitat types. The western pond
turtle inhabits every region of California except

The giant garter snake is a species that lives in thedrainages on the eastern slope of the Sierra
Central Valley of It inhabits sloughs, Nevada. Population densities vary, however, andCalifornia.
low-gradient streams, marshes, ponds, smallare highly influenced by the quality of isolated
lakes, agricultural wetlands, and other waterways,habitats. A disproportionately large percentage of
where it feeds small fish and the giant snake and turtleon frogsduring garter westernpond
active season. Populations of giant garter snakepopulations are adults,indicating poor
are found throughout much of the ERPP studyreproductive success.
area including: the Feather River/Sutter Basin,
Colusa Basin, Butte Basin, Yolo Basin, East SideHistoric habitat areas used by these species have
Delta Tributaries, American River Basin, andbeen substantially reduced as a result of
portions of the Sacramento-San Joaquin Deltaconverting land for agriculture, urban, or
Ecological Zones. The status of giant garter snakeindustrial uses or degraded as a result of ongoing
in the San Joaquin Valley is unknown. Theland-use practices. Remaining habitatareas, such
distribution and population of these species hasas ponds, rivers, streams, lakes, marshes, and
declined substantially, primarily as a result of theirrigation ditches, are largely fragmented.
loss or degradation of wetlands and nearbyAssociated uplands, used for reproduction and
uplands. The loss of habitat and declininghibernation, are largely unavailable. Upland
condition of these species’ populations hashabitats adjacent to aquatic habitats are now
warranted the listing of the giant garter snake asmostly isolated in small riparian bands along the
threatened under the State and federal Endangeredtributaries that supply water to the Sacramento
Species Acts and the western pond turtle beingand San Joaquin Rivers and along canals with
designated as a species of concern by U.S. Fishsmall levees.
and Wildlife Service (USFWS) and a Species of
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Because much of the original habitat used byof these species by increasing habitat quality and
these species has been lost, irrigation canals andarea.
ditches (especially canals with nearby vegetation)
now provide important replacement habitat for
these species. Rice farming makes up a INTEGRATION WITH OTHER
significant portion of the agricultural activity in
the Sacramento Valley, and drainage ditches RESTORATION PROGRAMS
associated with rice farming practices provide
much of this surrogate habitat. Adjacent breeding
and hibernating cover, however, is often limitingRestoration projects to improve upland and
for these species, wetland agriculture and seasonal wetland and

riparian habitats would be closely linked to the
Other factors that limit these, species populationsrestoration of these species. The American River
include: Basin is ecologically important because it

contains the most stable populations of giant
¯ some agricultural practices (e.g., disking,garter snakes. The Biological Resources Division

mowing, burning, and applying herbicidesof the USGS is presently studying stable
and rodenticides) that degrade habitat orpopulations of giant garter snakes that occur
cause mortality; outside the American River Basin. These include

populations in the Colusa Basin (Sacramento and
¯ introduced large predatory fish that prey on Colusa National Wildlife Areas), the Badger

juveniles and injure adults; and Creed areas of the Cosumnes River Preserve, and
the Gilsizer Slough area of the Sutter Basin.

¯ mortality caused by flooding of hibernation Restoration and agricultural improvements will be
sites during heavy rains, floods, or fordeveloped for implementation both north and
waterfowl, south of the Delta.

Efforts to recover giant garter snake and western
pond turtle populations will involve cooperationVISION
and support from other established programs
aimed at restoring habitat and populations.

The vision for the giant garter snake and western
Wetland restoration and management programs

pond turtle is to assist in their recovery in order tothat would improve habitat for these species
contribute to the overall .species richness andinclude . the Agricultural Stabilization and
diversity. Achieving this vision will reduce theConservation Service’s Wetland Reserve
conflict between protection for this species andProgram, the Wildlife Conservation Board’s
other beneficial uses of land and water in the Bay-Inland Wetlands Conservation Program,
Delta. restoration programs administered by Ducks

Unlimited and the California WaterfowlProtecting existing arid restoring additional
Association, and ongoing management of State

suitable wetland and upland habitats will beand federal wildlife refuges and private duck
critical to achieving recovery of the giant garterclubs. Restoration efforts will be conducted in
snake and western pond turtle. The Ecosystemcooperation with agencies or organizations with
Restoration Program Plan’s (ERPP’s) proposedresponsibility or authority for restoring wetland
restoration of aquatic, wetland, riparian, andand aquatic habitats, including DFG, California
upland habitats in the Sacramento-San JoaquinDepartment of Water Resources, USFWS, U.S.
Delta Ecological Zone will help in the recoveryArmy Corps of Engineers, and the Delta
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Protection Commission. USFWS is alsowithin the South, East, and North Delta
preparing a recovery plan for the giant garterEcological Units of the Sacrdmento-San Joaquin
snake that will establish population recoveryDelta Ecological Zone to provide forage habitat
goals, escape cover, di~spersaland andcreate corridors

by linking habitat areas.

¯ Restore suitable adjacent upland habitat orLINKAGE WITH OTHER
modify land use practices to render existing

ECOSYSTEM ELEMENTS uplands as ~uitable habitat and reestablish
connectivity between wetland and upland
habitat areas, provide nest and hibernation

Restoration of ecosystemprocesses and habitats sites, and provide refuge habitat during
proposed by ERPP in other ecological zones will floods.
also allow natural floodplains, stream meanders,
and seasonal pools to develop that assist in thē Create buffer zones where none currently
recovery of their populations elsewhere in their exist to improve habitat value.
historic ranges.

IMP.LEMENTATION OBJECTIVE,

TARGETS, AND PROGRAMMATIC
ACTIONS

The implementation objective for the giant garter
snake, a federally listed threatened species, and
western pond turtle, a ~pecies of special concern,
is to assist in their recovery. Meeting this
objective would contribute to overall species
richness and diversity and reduce conflict between
the need for their protection and other beneficial
uses of land and water in the Bay-Delta.

The general target is to increase the population
size of giant garter snakes and western pond
turtles.

General programmatic actions to protect occupied
habitat areas include the following:

m Implement a preservation plan to protect
these areas from adverse effects associated
with human encroachment and recreation,

Create canals, side channels, and back-
flow pools containing emergent vegetation
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SWAINSON’S HAWK

populations were estimated between 4,000 and
17,000 pairs, but declines were documented as
early as the 1940s. In 1979, 110 active pairs were
observed in the Central Valley with estimates of
375 pairs present throughout the State. Today, the
few remaining concentrations of breeding pairs are
supported within the Yolo, Sacramento, San
Joaquin, Sutter, and Colusa Counties, with ~steadily
decreasing numbers to the north and south.

Possible reasons for the Swainson’s hawk’s decline
~,al~.~,s ~,k

J
include

¯ loss or degradation of habitat on the breeding
grounds,

INTRODUCTION ¯ disturbance on the breeding grounds,

¯ thin eggshells from pesticide residues,

Swainson’s hawks occur throughout the Central̄
increased competition with other species, andValley where riparian forest and oak savanna

habitats are present. The nesting population of the
Swainson’s hawk has declined substantially,̄ mortality during migration and on the

primarily as a result of habitat loss and wintering grounds in South America.

highdegradati°n’rates of reducedmortalityreproductiVeduring migrationSUCCeSS’andandonTo a large degree, the decline of the Swainson’ s

South American wintering areas. The loss ofhawk can be attributed to the long-term,
cumulative effects of riparian and wetland habitathabitat and declining condition of the species’

population have warranted its listing as threatenedconversion and degradation. A combination of
changes to Central Valley area ecosystems hasunder the State Endangered Species Act. Major

factors that limit this resource’s contribution to theadded t6 the problem. These changes include:

health of the Bay-Delta are related to adverse
effects of habitat loss and degradation, toxic

¯ the conversion of perennial grassland to

pesticides accumulated in the foodweb on agricultural uses, eliminating foraging habitat;

reproduction,human-associated disturbances at
nest sites, and increased competition with other

¯ urban development adjacent to waterways and

species for nest sites, nesting areas;

¯ incompatible land use that disrupts breeding
and nesting;

RESOURCE DESCRIPTION
¯ levees and bank protection that eliminate

nesting habitat;
The Swainson’s hawk was comtuon in the Central
Valley at the end of the 19th century. Historical
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¯ disturbance from human activities near nestCooperative agreements with land management
sites; and agencies, conservation easements or landowner

incentives will improve land management practices
¯ contaminants from agricultural runoff andfor the Swainson’s hawk.

pesticide use.
Restoration of habitats proposed in other

Excessive harvest of Swainson’s hawk South will also allow Swainson’s hawkon ecologicalzones
American wintering grounds is also thought to benesting and foraging habitats to develop elsewhere
a major factor affecting the decline of the species,in the Central Valley.

Agricultural crops, such as alfalfa, and dryland
pasture provide habitat that supports a continual INTEGRATION WITH OTHER
prey base for ~the Swainson’s hawk. A large
number of hawks may congregate near farming RESTORATION PROGRAMS
activities such as mowing, disking, and irrigation
where prey, including some agricultural pests such
as grasshoppers, is abundant. Valley oak andSeveral organizations have plans that indirectly
riparian woodlands are essential for Swainson’starget the Swainson’s hawk for recovery through
hawk nesting, and 78% of nest trees are locatedhabitat restoration.
within riparian systems with adjacent foraging
habitatl The Swainson’s hawk typically returns tō The Riparian Habitat Joint Venture includes
the same nest site; therefore, the preservation of 11 federal, State, and private organizations that
nest sites is important to prevent total loss. signed a cooperative agreement to protect and

enhance habitats for native land birds
throughout California.

VISION                       ¯ The Putah Creek- South Fork Preserve, which

works to increase fish and wildlife populations
dependent on riparian and wetland habitats,The vision for the Swainson’s hawk is to assist in including species of special concern, plans to

the recovery of this State-listed threatened species
to contribute to the overall species richness and

restore 130 acres of riparian habitat.

diversity. Achieving this vision will reducē The Upper Sacramento River Fisheries and
conflict between protection for this species and Riparian Habitat Management Plan (SB1086)other beneficial uses of land and water in the Bay- also targets riparian habitat for restoration that
Delta. will benefit the Swainson’s hawk.

Habitat restoration in the Sacramento-San Joaquin̄
Restoration and strategies should beDelta Ecological Zone will help achieve recovery
coordinated with the Swainson’s Hawkof the Swainson’s hawk by increas.ing the quality
Technical Group, a group of agency and non-and quantity of its habitats. Limiting land use agency specialists dedicated to restoring the

changes can help to retain foraging and nesting healthof thisspecies.
habitat. Because many agricultural practices are
compatible with Swainson’s hawk foraging, simply
improving the timing of farming activities would
further improve foraging habitat.
Strategies could be implemented collaboratively
with organizations to improve existing preserves
that support Swainson’s hawk habitat.
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OTHER ¯ establish buffer zones that eliminate humanLINKAGE WITH
disturbance during nesting; and

ECOSYSTEM ELEMENTS
¯ create compatible land use management

adjacent to important habitats.
Restoration of the Swainson’ s hawk population is
integrally linked with restoration of riparian,
grassland, and agricultural habitat in the Central
Valley.

TARGETS, AND PROGRAMMATIC

ACTIONS

The implementation objective for the Swainson’s
hawk is to assist in the recovery of this State-listed
threatened species. Recovery of Swainson’s hawk
would contribute to overall species richness and
diversity and reduce conflict between the need for
its protection and other beneficial uses of land and
water in the Bay-Delta.

The general target is to increase the number of
breeding pairs of Swainson’s hawks in the Central
Valley.

General programmatic actions that will contribute
to reaching the targets include:

¯ protect existing and restoring additional
suitable valley oak and other riparian habitats
and grasslands;

¯ improve agricultural land management;

¯ reduce the effect of factors that can suppress
breeding success;

¯ protect known nest sites from loss,
degradation, or disturbance during the entire
year;

¯ increase prey populations (e.g., rodents)
necessary to support an expanding population;
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CALIFORNIA CLAPPER RAIL

RESOURCE DESCRIPTION

Habitat loss is largely a result of reclamation for
agricultural, industrial, and urban uses and water
management projects. Populations have also been
limited due to loss or degradation of tidal
saltmarshes for waterfowl hunting and
management. The total area of these remaining
habitats represents only a small percentage of their
historic level. The California clapper rail breeds
from February through August. The preferred
habitat is saline tidal marshes but are known to use
brackish marsh areas with alkali bulrush. It builds
a platform nest concealed by a canopy of
cordgrasses and pickleweed. It may also use

INTRODUCTION cattails and bulrushes in fresh emergent wetland
habitats although these area are not considered
suitable foraging and breeding habitat. Adjacent

The clapper rail is a year-long resident in coastalupper wetland or upland habitat with aquatic

wetlands and brackish areas around San Franciscovegetation are also important because they provide

Bay. Within the Central Valley, this species isnesting and escape cover during high tides and
floodwaters.found only in the Suisun Marsh/Noah San~

Francisco Bay Ecological Zone. The California
clapper rail is associated with saline (saltwater)Significant loss of saline and brackish emergent

emergent wetlands.    The population andwetland habitat and associated upland habitats and

distribution of this species have declinedhigh marshes is the primary factor for the decline

substantially, primarily as a result of reclamation ofin thisspecies’populations,Thesehabitatlosses

its tidal saltmarsh habitats. The loss of habitat andhave redu.ced populations sufficiently that

declining condition of the species’ population havepredation by non-native species, such as the

warranted its under the State Norway rat, red fox, and feral cats; swamping oflisting endangered
and federal Endangered Species Acts. nests by boat wakes; and contaminants, such as

selenium, are now also be substantial factors

Major factors that limit this resource’s contributionaffecting the ability of the species to recover.

to the health of the Delta are related to adverse
effects of historical and current loss or degradation
of tidal saltmarshes for agricultural, industrial, and VISION
urban uses, and excessive predation on nests and
individuals by non-native predators.

The vision for the California clapper rail is to assist
in the recovery of this State- and federally listed
endangered species to contribute to overall species
richness and diversity. Achieving this vision will
reduce conflict between the need for its protection
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and other beneficial uses of land and water in thecould be provided by developing and
Bay-Delta. implementing a program to rediace the level of

toxins that adversely affect clapper rail populations
Protecting existing and restoring additionalin the Bay-Delta. Clapper rail breeding success
suitable saline and brackish emergent wetlands andcould be improved by. Restoring high-quality
adjacent higher elevation habitats and reducing theclapper rail habitat would also reduce the adverse
effect of other factors that can suppress breedingeffects of predation by non-native species by
success will be critical to the recovery of thecreating habitat conditions that are more favorable
California clapper rail. The Suisun Marsh and Sanfor rails and less favorable for predators.
Francisco Bay areas once comprised a mosaic of
large contiguous blocks of tidal saline emergent
wetland in association with adjacent upland
habitats. Restoration of saline and brackish INTEGRATION WITH OTHER
emergent wetland and associated upland habitats in RESTORATION PROGRAMS
the Suisun Marsh/North San Francisco Bay
Ecological Zone will help the recovery of this
species by increasing habitat area. Wetland restoration and management programs

that would iimprove habitat for the clapper rail
Upland cover could be improved by providing include:
incentives to farmers to allow natural vegetation to
reclaim portions of the upland habitat adjacent tō the Agricultural Stabilization    and
tidal wetlands. Conservation Service’s Wetland Reserve

Clapper rail habitat utilization in Suisun Marsh and
Program,

the Napa Marshes suggest that a natural network of̄ the Wildlife Conservation Board’s Inland
small tidal creeks which begin high in the marsh Wetlands Conservation Program,
and grade down into large tidal sloughs and bays
are essential habitat components for successful¯ protect remaining tidal slough habitats
breeding populations. Improved habitat would also supporting pickleweed, cordgrass, bulrushes,
include water quality levels and other components and cattails,
necessary to support isopods, arthropods, mollusks,
and insects on which clapper rails forage. Thesē maintain adjacent higher elevation wetland
components could be provided by developing and and upland habitat to provide cover during
imp!ementing a program to reduce the level of high tides and floods,
toxins that adversely affect clapper rail populations
in the Bay-Delta. Clapper rail breeding success̄ the Suisun Marsh Protection Plan, and
could be improved by reducing the adverse effects
of boat wakes on nests during the February through̄ ongoing management of State and federal
August breeding period. Restoring ~high-quality wildlife refuges and private duck clubs.
clapper rail habitat would also reduce the adverse
effects of predation by non-native species byRestoration efforts will be conducted in
creating habitat conditions that are more favorablecooperation with agencies or organizations with
for rails and less favorable for predators, responsibility or authority for restoring wetland

Improved habitat would alSO~l~clude water quality
and aquatic habitats, including:

levels and other componentg~aecessary to support̄ the California Department of Fish and Game,
isopods, arthropods, mollusks, and insects on
which clapper rails forage.These components ¯ California Department of Water Resources,
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¯ U.S. Fish and Wildlife Service (USFWS), and cattails, especially in areas adjacent to
high marsh meadows characterized by

¯ U.S. Army Corps of Engineers, and pickleweed-saltgrass plant associations,

[] the Delta Protection Commission. [] improve water quality of Bay marshes,

¯ reduce the adverse effects of boat wakes on

LINKAGE WITH OTHER nests during the breeding period,

ECOSYSTEM ELEMENTS ¯ develop and implement predator control
programs,

Impr~:~vement of the population of clapper rail = maintain adjacent higher elevation wetland

in the Bay is integrally linked with wetland and upland habitat to provide cover during

and riparian habitat restoration, and water high tides and floods, and

quality (contaminants) improvement. = improve upland cover by providing incentives
to farmers to allow natural vegetation to
reclaim portions of the upland habitat adjacent

IMPLEMENTATION OBJECTIVE, to tidal wetlands.

TARGETS, AND PROGRAMMATIC
ACTIONS

The implementation objective for the clapper rail
is to assist in the recovery of this State- and
federally listed endangered species in order to
contribute to overall species richness and diversity
and reduce conflict between the need for its
protection and other beneficial uses of land and
water in the Bay-Delta.

The general target it to increase the numbers of
breeding pairs of clapper rails in the Bay-Delta.
The USFWS is currently revising the recovery plan
for the clapper rail, which will establish population
recovery goals.

The following general programmatic actions will
contribute to meeting the target for the California
clapper rail:

I ¯ restore saline emergent wetland habitat in the
Bay,

i ¯ protect remaining tidal slough habitats
supporting pickleweed, cordgrass, bulrushes,
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CALIFORNIA BLACK RAIL I

marshland has reduced population densities of
black rail throughout its range.

¯ Important habitats for the species include tidal
perennial and nontidal perennial aquatic, dead-end
and open-ended sloughs, seasonal wetland and
aquatic, saline and fresh emergent wetland, and
midchannel islands and shoals. Many tidal
habitats, including those that support pickleweed,
bulrushes, and saltgrass, are critical types for this
species that need to be protected and currently
exist as only a small percentage of their historical
extent. In addition, upper wetland or upland areas
adjacent to these habitat areas provide nesting and

INTRODUCTION                escape cover during high tides and floods.

Black rail habitat is directly influenced by
The California black rail is a rarely seen, year-sediment supply from the upstream portion of the
round resident of saline, brackish (somewhatDelta and tidal influences from the Bay.As
salty),and freshemergentwetlandsand viable sediment is deposited in a tidal marsh, the
populations of the species are found only in theelevation of the marsh changes. Eventually, the
Suisun Marsh, San Francisco Bay, and the Delta.marsh may no longer be affected by tidal action or
The California black rail is associated with tidalsupport tidal marsh plants which depend on the
and nontidal emergent wetlands. The populationinteraction of compatible tides and sediment
and distribution of this species have declinedsupply regimes. Water quality in habitat areas
substantially primarilyasaresultofreclamationofmust be sufficiently high to support the
its wetland habitats. The loss of habitat andinvertebrates and vegetation that sustain black
declining condition of the species’ population haverails. The condition most hazardous to the black
warranted its listing as threatened under therail’s existence in salt marshes is the elevated
California Endangered Species Act. The majorwater level associated with the highest tides and
factor that limits this resource’ s contribution to thehigh outflow conditions. High water destroys nests
health of the Delta is related to the adverse effectsand forces rails to leave the marsh temporarily in
of historical and current loss or degradation of ’search of sufficient cover in uplands. Black rails
salt-, brackish, and freshwater marshes, use corridors between wetland and upland habitats

to seek cover during high tides. However, these
corridors have been fragmented by the extensive

RESOURCE DESCRIPTION system of Delta levees, which are often devoid of
vegetation. This lack of sufficient cover subjects
black rails to predation, frequently by non-native

Historically, the black rail was a resident of coastalspecies. These habitats continue to be threatened
wetlands from Santa Barbara County to San Diegoby sedimentation, water diversions, recreational
County. Much of the California black rail’s activities, and land use practices. Insufficient
marshland habitat in California has been destroyedquantity and quality of emergent wetland habitat is
or modified since the mid-1800s. This decline inthe primary factor limiting recovery of the species’

population in the estuary. Other factors that can
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also adversely affect the black rail includē California CoastalConservancy,
disturbance during its breeding period, contami-
nants, and excessive predation by non-nativē Delta Native Fishes Recovery Team,
species.

¯ San Francisco Bay National Wildlife
Refuge,

VISION ¯ the U.S. Fish and Wildlife Service San
Francisco Bay Program, and

The vision for the California black rail is to assist
in the recovery of this State-listed threatened

¯ the Tidal Wetlands Recovery Plan

species to contribute to overall species richness and Ecosystem Wetland Goals Project.

diversity. Achieving this vision will reduce
conflict between the need for its protection and
other beneficial uses of land and water in the Bay- LINKAGE WITH OTHER
Delta. ECOSYSTEM ELEMENTS

Restoring suitable fresh and saline emergent
wetlands and tidal sloughs in the Bay-Delta andRestoration and recovery of the California black
adjacent higher elevation habitats is critical to therail population of the Bay-Delta is integrally linked
recovery of the species in the estuary. Thesewith wetland and riparian habitat restoration, and
restored habitats would provide refuge for thewaterquality(contaminants)improvement.California black rail during high-water periods.
Although the black rail’s range extends into other
ecological zones, the primary focus for habitat
restoration will be in the Sacramento-San Joaquin IMPLEMENTATION OBJECTIVE~
Delta Ecological Zone and the Suisun MarshlandTARGETS~ AND PROGRAMMATIC
Ecological Unit in the Suisun Marsh/North San
Francisco Bay Ecological Zone. Efforts outside ACTIONS
the Delta and Suisun Marsh to restore natural tidal
action to aquatic and wetland habitats within the
Suisun Marsh/North San Francisco Bay EcologicalThe implementation objective for the California
Zone would also benefit the species, black rail is to assist in the recovery of this State-

listed threatened species in order to contribute to
overall species richness and diversity and reduce

INTEGRATION WITH OTHER conflict between the need for its protection and
other beneficial uses of land and water in the Bay-

RESTORATION PROGRAMS -Delta.

The general target is to increase the number of
Many designed to benefit broader breeding pairs of Clapper rail in the Bay-Delta.programs groups
of fish and wildlife that use or depend on wetlands,
sloughs, or adjacent aquatic systems in the Bay-General programmatic actions to achieve the target
Delta also benefit the Califomia black rail. Somefor the California black rail include:
of these are operated by the following
organizations: ¯ restore the natural tidal action of aquatic

habitats;
¯ Bay Area Wetlands Planning Group,

~ ~
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¯
[] preserve the remaining populations of black

rail, tidal slough habitats that support
pickleweed, bulrushes, and saltgrass;

[] enhance and restore connectivity between tidal
sloughs and adjacent upland refugial habitats;

[] improve the connection between wetland and
upland habitat areas to ,reduce predation;

[] implement management programs fo~ small
water diversions, disturbance, land use
chang,~s, and contaminants would improve
habitat, reproductive potential, and recruitment
for black rails;

protect" tidal sloughs and wetlands from
adverse land uses;

[] protect nearby unoccupied suitable habitat
areas would help ensure natural expansion
area is available;

[] protect of existing suitable habitats by
implementing    conservation    easement
purchasing from willing landowners, or
establishing incentive programs to maintain

¯suitable habitat;

develop and implement altematives to land
management practices on public lands that
continue to degrade the quality or inhibit the
recovery of black rail habitats; and

restore, protect, and improve emergent
wetlands,tidal sloughs, and adjacent uplands.
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GREATER SANDHILL CRANE

most of the Central Valley in winter and nests in

i!.~
northeastern California and Oregon.
Habitats used by the sandhill crane include
seasonal and fresh emergent wetlands, grasslands,
and agricultural lands.Large wintering
populations of greater and lesser sandhill cranes

~;~.:
.,~

congregate in the Sacramento and San Joaquin
~~,. Valleys. Generally, crane wintering habitat

/z’~~’-.’: ~ "’.ii~. .£".$fl~ consists of shallowly flooded grasslands that are
"̄.". used as loafing roosting sites nearbyand and

agricultural areas that provide food sources include
~"~~’~-~~""~;~-i rice, sorghum, barley, and corn. In the Delta, in

~~.~ adequate roost sites, relatively free from
disturbance and quality and quantity of forage, are
potential limiting factors on the wintering
population.

The State-listed greater sandhill crane is a fully
INTRODUCTION protected species because the small remaining

population depends on habitat that is threatened
with loss or degradation. The conversion of

This subspecies of the .sandhill crane primarilygrasslands, wetlands, and agricultural land to urban
winters in the Delta and forages and roosts indevelopment is an ongoing process that is not
agricultural fields and pastures. Because thelikely to be reversed. The sandhill crane now
winter range of the greater sandhill crane overlapsdepends primarily on artificially created areas
the winter range of other sandhill crane subspecies,where natural wetland and grassland habitats have
all subspecies are considered important resources,been eliminated. Disturbance associated with
The greater sandhill crane population has declinedhuman activities, illegal harvest, and predation
primarily as a r~sult of loss of suitable wetlandhave also affected the overall health of the crane
nesting habitats. The loss of habitat and decliningpopulation, although less severely than the loss and
condition of the subspecies’ population havedegradation of its habitats.
warranted its threatened under thelistingas

California Endangered Species Act. Major factors
that limit this resource’ s contribution to the health VISION
of the Bay-Delta are related to adverse effects of
conversion of grassland and wetland habitats for
agricultural, industrial, and urban uses. The vision for the greater sandhill crane is to assist

in the recovery of this State-listed threatened
species in the Bay-Delta. Recovery of the greater

RESOURCE DESCRIPTION sandhill cane would contribute to overall species
richness and this vision willdiversity.Achieving

The greater sandhill crane is an important part ofreduce conflict between the need for its protection
the biological integrity and health of the Bay-Deltaand other beneficial uses of land and water in the
and Sacramento-San Joaquin Valley Bay-Delta.ecosystems.
The greater sandhill crane is found throughout

~ ~
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Maintenance of healthy populations of other̄ California Department of Fish and Game and
sandhill crane subspecies will also improve by The Nature Conservancy are working to
providing sufficient wintering habitat in the Bay- protect and restore crane habitat in the area of
Delta. Habitat restoration these in the Sacramento- the Woodbridge Ecological Reserve and the
San Joaquin Delta Ecological Zone will help Cosumnes River Preserve.
maintain healthy populations.

The greater sandhill crane will benefit from LINKAGE WITH OTHER
restoration of shallowly flooded wetlands.
Implementing existing crane recovery, and ECOSYSTEM ELEMENTS
waterfowl management plans will also help
achieve this vision. Such strategies could be
impleme~.~ed through collaborative work with Restoration and recovery of the greater sandhill
organizations to maintain and improve existingcrane population of the Central Valley is integrally
preserves, cooperative agreements with landlinked with wetland and riparian habitat
management agencies, or conservation easementsrestoration, and agricultural habitat improvement.
or purchase from willing sellers.

Restoration of ecosystem processes and habitats inIMPLEMENTATION OBJECTIVE~
other ecological zones will also allow seasonal and
fresh emergent wetlands and grasslands to developTARGETS~ AND PROGRAMMATIC
that will provide habitat for wintering sandhill ACTIONS
cranes elsewhere in the Central Valley.

The implementation objective for the greater
INTEGRATION WITH OTHER sandhill crane is to assist in the recovery of this

llESTORATIONPROGRAMS State-listed threatened species in order to
contribute to overall species richness and diversity
and reduce conflict between the need for its
protection and other beneficial uses of land andRestoration of sandhill cranes in the Central Valleywater in the Bay-Delta.

is conducted by the following programs:

¯ A Pacific Flyway Management Plan for the Gener~ targets for greater sandhill crane are to:

Central Valley population of greater sandhill¯ increase the number of greater sandhill cranes
cranes to recover the population has been in the Central Valley population, anddeveloped and is being implemented by the
U.S. Fish and Wildlife Service and the ¯ increase the distribution of greater sandhill
California and Oregon Departments of Fish crane in the Central Valley.
and Game.

¯ The Central Valley Habitat Joint Venture General programmatic actions to help reach the
Implementation Plan contains goals to protecttargets include:
and restore Central Valley aquatic and upland
habitatsthatareneededfor waterfowl. This ¯ protect existing habitats and restore additional
plan provides indirect benefits for the greater suitable seasonal and fresh emergent wetlands
sandhill crane and other species that use these and grasslands, and
wetland and upland habitats.

¯ improve agricultural land managem~ent.

~_ ~
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WESTERN YELLOW-BILLED CUCKOO

RESOURCE DESCRIPTION

Historically, the yellow-billed cuckoo commonly
occurred from the Mexican border along the coast
belt through the San Francisco Bay region as far as
Sebastopol, Sonoma County, and through the
Sacramento and San Joaquin Valleys. Yellow-
billed cuckoos inhabit extensive deciduous riparian
thickets or forests with dense, low-level or
understory foliage that abut rivers, backwaters, or
seeps. The cuckoo, is limited to some reaches of
the Sacramento River, Sanborn Slough in the Butte
Sink, and the Feather River. The population of
this species is critically low.

INTRODUCTION
Dense, large patches of willow-cottonwood
riparian habitat are the preferred nesting habitat for

The western yellow-billed cuckoo is associatedthis neotropical migrant. This habitat was once
with mixed riparian and cottonwood forests. Thismuch more common, particularly along the
species has been eliminated from the Bay-Delta.Sacramento and San Joaquin Rivers; however,
Elsewhere, the population and range of this speciesconversion of land to agriculture, urbanization, and
have declined primarily as a result of the loss orflood control projects have caused the loss of
degradation of extensive, mature and successionalhabitat. Other stressors that continue to adversely
riparian cottonwood forests. The loss of habitataffect the species are loss of habitat as a result of
and declining condition of the species’ populationbank protection projects, mortality associated with
have warranted its listing as endangered under thenon-native nest parasites and predators, and
California Endangered Species Act. inadvertent drift of some types of herbicides and

pesticides into habitat areas.
Major factors that limit this resource’s contribution
to the health of the Delta are related to adverse
effects of flood control and bank protection VISION
projects, which resulted in the direct loss of
riparian forests and reduced or eliminated the
processes that create and maintain floodplains thatThe vision for the western yellow-billed cuckoo is
support riparian forests, and reclamation ofto assist in the recovery of this State-listed
riparian forests for agricultural, industrial, andendangered species. Recovery of this species
urban uses. would contribute to overall species richness and

diversity. Achieving this vision will reduce
conflict between the need for its protection and
other beneficial uses of land and water in the Bay-
Delta.
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Protection and restoration of existing and suitable and reduce conflict between the need for its
mature riparian forest will be critical to the protection and other beneficial uses of land and
recovery of the yellow-billed cuckoo. Restoration Water in the Bay-Delta.
of riparian habitats in the Sacramento-San Joaquin
Delta, Sacramento River, Cottonwood Creek, The general target is to increase the population of
Colusa Basin, Feather River/Sutter Basin, and yellow-billed cuckoo in the Central Valley.
American River Basin Ecological Zones will help
to recover this species by increasing the quality and The general programmatic action which will assist
quantity of its habitat, in reaching the target is:

¯ improve and restore riparian forest habitat in

INTEGRATION WITH OTHER the Central Valley.

RESTORATION PROGRAMS

No program is specifically charged with restoring
yellow-billed cuckoo populations. Restoration
efforts sp6nsored by the Upper Sacramento Fish
and Riparian Habitat Advisory Council (SB1086)
have the potential for benefitting the species. The
purpose of riparian habitat planning through the
SB 1086 program is to preserve remaining riparian
habitat and reestablish a continuous riparian
ecosystem along the Sacramento River.

LINKAGE WITH OTHER

ECOSYSTEM ELEMENTS

Restoration and recovery of the yellow-billed
cuckoo population of the Central Valley is
integrally linked with wetland and riparian habitat
restoration, and agricultural habitat improvement.

~PLEMENTATION OBJECTIVE,
TARGETS~ AND PROGRAMMATIC

ACTIONS

The implementation objective for the western ¯
yellow-billed cuckoo is to assist in the recovery of
this State-listed endangered species in order to
contribute to overall species richness and diversity ¯
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, BANK SWALLOW

within the Central Valley’s ecological zones that
are adjacent to major rivers and their tributaries.
The species is not known to occur in the
Sacramento-San Joaquin Delta or the Suisun
Marsh/North San Francisco Bay Ecological Zones.
Nesting colonies are found along the Sacramento
River from mile 143 to 243, with 40-60 colonies
remaining along the upper Sacramento River and
and approximately 10-20 colonies on the Feather
River. A total of 5-10 colonies are located above
and below miles 143 on the Sacramento River.
Other small colonies are found along other

i

,,,,,, ~,,,,,.w
]

waterways, including: the American River,
"*’~’~’ Thomes Creek, Cache Creek,

and the Cosumnes River.

INTRODUCTION
Bank swallows breed in vertical banks or cliffs that
are created when streams and rivers erode their

The bank swallow is associated with riparian andbanks. Friablesoils are importanthabitatan

riverine habitats and nests, in vertical cliff and bankrequirement. Their population is estimated to have

faces eroded by rivers. The population and rangebeen reduced by 50% since 1900. Only a few

of this have declined result colonies remain within the State as a result ofspecies primarily a stream channelization, bank protection, and floodof the loss or degradation of ecosystem processes
that maintain suitable nesting substrates alongcontrol projects, which have reduced the

streams and rivers. The loss of habitat andavailability of breeding sites (i.e., cliffs) by
constraining rivers from eroding their banks. Asdeclining condition of the species’ population have
much as 75% of the current breeding population inwarranted its listing as threatened under the

California Endangered Species Act. The majorCalifornia concentrates along the banks of the

factor that limits this resource’s contribution to theCentral Valley’s streams; 70-80% of remaining

health of the Delta is related to the adverse effectsbreeding habitat is found along a small stretch of
the Sacramento River.of levees and bank-protection structures on river

and stream channel migration. These structures
The decline of the bank swallow can be attributedinhibit or prevent the channels’ ability to erode its

banks and form the nesting cliffs and bank~primarily tohuman activities that have changed the

required by the species, ecosystem processes that create and sustain its
bank and bluff nesting habitat. Stream meander
migration is necessary to maintain, enhance, and
create the fine-textured or sandy-type vertical

RESOURCE DESCRIPTION banks or cliffs in which bank swallows dig their
nesting holes. Levees and riprapped banks along
streams and rivers have impeded the creation of.

Once an abundant lowland species in California,nesting cliffs by preventing channels from
the bank swallow is now limited to breeding in afollowing the natural process of erosion,
small part of its former range. The bank swallowdeposition, and meandering. Currently proposed
is found in only a small number of ecological unitsprojects for confining channels within the species’
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nesting range represent the largest threat toprocesses that create nesting sites would be
maintaining existing bank swallow colonies. Thefeasible in some areas by modif);ing flood control
general deterioration or loss of adjacent floodplainand bank stabilization practices to allow channels
habitats (e.g., shaded fiverine aquatic, riparian,to migrate and cut banks.
corridors and forests, and open grasslands) has
also, although to a lesser degree, contributed to the
species’ decline. INTEGRATION WITH OTHER

RESTORATION PROGRAMS

VISION
Other programs linked to restoring riparian systems

The visiori for the bank swallow is to assist in the
and bank swallow habitat include:

recovery of this State-listed threatened species.[] the Upper Sacramento River Fisheries and
Recovery of the bank swallow would contribute to Riparian Habitat Advisory Council (SB
overall species richness and diversity. Achieving 1086),
this vision will reduce conflict between the need
for its protection and other beneficial uses of land[] the Central Valley Improvement Act,
and water in the Bay-Delta.

[] Anadromous Fish Restoration Program,
Protecting existing nesting colonies from activities
that could result in their loss or degradation and[] Cosumnes River Preserve,
restoring ecological process of confined channel
migration will be critical to the recovery of the[] Delta Native Fishes Recovery Team,
bank swallow. The Ecosystem Restoration
Program Plan’s proposed restoration of stream[] Department of Fish and Game Central
meander and riparian habitat in the Sacramento Valley Salmon and Steelhead
River and Butte Basin Ecological Zones will help Management and Restoration Program,
to protect the remaining nesting colonies along the
Sacramento and Feather Rivers. Protecting the[] Riparian Habitat Joint Venture, and
remaining nesting colonies is an essential
requirement to preventing the bank swallow[] Califomia DepartmentofFishandGame’s
population from declining to a point where
restoration efforts may offer little help to the

recovery plan for the bank swallow.

species.

Recent studies have shown that most nesting. LINKAGE WITH OTHER
colonies are adjacent to open grasslands. Other ECOSYSTEM ELEMENTS
colonies live in agricultural lands and riparian and
oak forests. Restoring these habitats while
protecting and restoring streamside banks andRestoration of the bank swallow population and
levees would also help maintain or increaseits habitat will be integrally linked to restoration
existing bank swallow populations, of natural stream meander corridors in the rivers

of theCentralValley.
Restoring Sacramento River meander belts and
other confined streams and rivers is an approach
that would restore, on a large scale, the processes
that create nesting banks. Partially restoring the

~’~ CO.~
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IMPLEMENTATION OBJECTIVE,
TARGETS, AND PROGRAMMATIC

ACTIONS

The implementation objective for the bank
swallow is to assist in the recovery of this State-
listed threatened species in order to contribute to
overall species richness and diversity and reduce
conflict between the need for its protection and
other beneficial uses of land and water in the Bay-
Delta.

The general target is to increase the number of
bank swallow in the Centralpair Valley.

General programmatic actions . which will
contributeto reaching the target include:

m protect existing nesting colonies along the
Sacramento River, Feather River and their
tributaries,

restore natural river meander process, and

increase and link potential nesting habitat.
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SUISUN SONG SPARROW

INTRODUCTION invertebrates that the birds pick up from the
surface of mudflats. Each sparrow’s territory must ’
contain permanent water or moisture in the form of

Suisun song sparrows live only in and around the
tidal ebb and flow. Typically, each territory
contains at least one patch of tall, hard-stemmed

Suisun Marsh and Bay. The Suisun song sparrowbulrush that stands above the surrounding
is associated with saline emergent wetlands. The
population and distribution of this species have

vegetation and is used as a singing perch. The

declined substantially primarily as a result of
birds apparently need these high song perches to

reclamation of tidal saltmarshes.The loss of
establish territory, and the absence of song perches
may be a limiting factor in the distribution of pairs.

habitatand decliningcondition thisspecies’
population have warranted its inclusion as a
species of special concern. Major factors that limitbehaviorallyThe Snisun sOngadaptedSparrOWto isthisPhysiologicallYarea, s

and
naturally

this resource’s contribution to the health of the
Delta are related to adverse effects of historical and

occurring brackish (somewhat salty) tidal
conditions. It can drink brackish water and breeds

current loss or degradation of tidal saltmarshes for
and urban uses and      earlier than upland subspecies. Early breedingagricultural,industrial, avoids nest flooding during the highest spring

excessive predation on nests and individuals bytides. The Suisun song sparrow forages for
non-native predators, invertebrates and seeds directly on the surface of

mudflats.

RESOURCE DESCRIPTION The primary threat to the continued existence of
the Suisun song sparrow is the severe
fragmentation of brackish tidal marsh habitat in

Historically, much of the Suisun Marsh was aand around Suisun Marsh. The once-vast marsh
brackish tidal marsh. The Suisun song sparrowhas been reduced to small areas that are separated
inhabited areas with suitable brackish marshby barriers or connected only by narrow strips of
vegetation. The total area of historical tidal marshvegetation along the banks of tidal sloughs.
habitat is estimated to have been about 66,600-Interbreeding between populations in these areas is
73,700 acres. Between 70,000 and 77,000 pairs of rare. As the southern shore of Suisun Marsh in
Suisun song sparrows are estimated to have-usedContra Costa County becomes increasingly
the available marsh habitat annually. Recentindustrialized and developed, habitat will continue
estimates indicate that fewer than 6,000 pairsto be degraded and, ultimately, the southern
remain in 13 isolated populations, representing 8%population may no longer be viable. Egg and
of the species’ former abundance. The remainingnestling mortality is about 50% in the first 3
13 populations number from about 1,300 pairs to weeks after eggs are laid. The primary causes of
about 20 pairs, this mortality are predation on eggs and nestlings

by the introduced Norway rat, predation on
Since artificial levees were constructed beginningnestlings by feral house cats, and flooding of nests
in the late 1800s, the managed marsh areas on theduring periods of high tides. Maintenance of
nonfidal side of the levees are flooded seasonallylevees, dikes, and other structures during the
and then drained or allowed to dry.’ These areasbreeding period may also create sufficient
are consistently avoided by Suisun song sparrows,disturbance to cause nesting failure. Levees
The birds require appropriate vegetation forconstructed in the sparrow’s habitat are high
nesting sites, song perches, and foraging cover,enough above the surrounding marsh to allow the
The vegetation must also produce seeds or harborgrowth of upland plants that require fresh water.
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Although Suisun song sparrow territories mayits habitat area. Restoring associated higher
include these areas, the species avoids centering itselevation uplands would provide escape cover
territory in this type of vegetation, during high tides and flooding. Restoring these

habitats would allow the population to increase at
Long-term changes in the salinity gradient of theexisting protected habitat areas and would ensure
Bay-Delta may also have an effect on the species’long-term survival. The restoration of high-quality
distribution and abundance. The normal brackishsparrow habitat would also reduce the adverse
condition of Suisun Marsh is directly attributableeffects of predation by non-native species by
to the amount of freshwater outflow it receivescreating habitat conditions that are more favorable
from the Delta.This fresh mixes with for and less favorable forwater sparrows predators.
saltwater transported on incoming tides through
Carquinez Strait. The amount of freshwaterThe potential adverse effects of disturbance on
outflow has been reduced since historical timesbreeding success could be reduced by encouraging
during water-years that are now considered normal,agencies, organizations, and private landowners,
Suisun song sparrows can withstand short-termthrough cooperative agreements and incentive
alterations in brackish conditions because they canprograms, to conduct infrastructure maintenance
subsist on pure saltwater for several days. Theactivities in occupied habitat areas so that tidal
vegetation they occupy in the brackish marsh isbrackish marsh vegetation is disturbed as little as
similarly adapted. If the water regime changespossible and adults are not disturbed during the
drastically or for long periods, however, a large-breeding season. The possibility of managing
scale change in habitat could result. If salinitybreeding of the species to increase its reproductive
decreases, the Suisun song sparrow could facesuccess should be investigated (e.g., transferring
lowered reproductive rates, increased competition,eggs and/or young between nearby isolated
and loss of genetic integrity as a result of breedingpopulations to increase genetic interchange
with invading upland subspecies that consumebetween populations). If the species is susceptible
fresh water. If the water becomes too salty,to responding to such manipulations, the period for
saltwater marsh vegetation could displace brackishits recovery would be reduced.
vegetation; saltwater marsh is not suitable habitat

species, not adapted to consumefor the whichis
saltwater for extended periods. INTEGRATION WITH OTHER

RESTORATION PROGRAMS
VISION

Programs and projects designed to protect, restore,
and enhance the Suisun Marsh/North San

The vision for the Suisun song sparrow is toFrancisco Bay Ecological Zone to provide direct orincrease the habitat for this species of special
incidental benefits to the Suisun song sparrowconcern in Suisun Marsh and the western Delta.
include:

Protecting and restoring existing and additional= San Francisco Estuary Project,suitable tidal saline and fresh emergent wetlands
(including brackish marshes) and reducinḡ Bay AreaWetlandsPlanningGroup,
breeding stressors will be critical to the recovery of

¯ Cache Creek Corridor Restoration Plan,theSuisunsongsparrow.

Restoration of tidal emergent wetlands in thē California Wetland Riparian GeographicSuisun Marsh/North San Francisco Bay Ecological
InformationSystemProject,Zone will help to recover this species by increasing

Cta_t~ Volume 1: Ecosystem Restoration Program Plan
~ BAY-DELTA Vision for Suisun Song Sparrow

247
Draft." March 1998

C--00651 0
(3-006510



¯ Govemor’s Califoniia Wetland Conservation¯ Reduce the extent of isolation among the
Policy, populations.

¯ Tidal Wetlands Species Recovery Plan, The following general programmatic actions will
assist in meeting the targets:

¯ Wetlands Reserve Program,
¯ Increase the amount of tidal brackish water

¯ Inland Wetlands Conservation Program, marshes in Suisun Bay and Marsh and in the
western Delta.

¯ Montezuma Wetlands Project, and
¯ Decrease the extent of isolation of remaining

¯ National Estuarine Reserve Research System. tidal marshes in Suisun Bay and Marsh and the
wes(ern Delta.

LINKAGE WITH OTHER ¯ Increase the amount of grassland habitat
adjacent to tidal marshes in Suisun Bay and

ECOSYSTEM ELEMENTS Marsh and the western Delta.

¯ Within existing and restored marshes ensure
Restoration of the Suisun Song Sparrow is presence oftall, hard-stemmedbulmshstands.
integrally linked with restoring tidal permanent
emergent wetlands in Suisun Bay and Marsh and̄ Increase the area of tidal mudflats in close
the western Delta. Restoration of adjacent tidal proximity to existing and restored marshes.
perennial aquatic habitat, particularly mudflats, is
also important.

IMPLEMENTATION OBJECTIVE~
TARGET~ AND PROGRAMMATIC

ACTIONS

The implementation objective for the Suisun song
sparrow, is to increase habitat for this species of
special concern in order to contribute to overall
species richness and diversity and reduce conflict
between the need for its protection and other
beneficial uses of land and water in the Bay-Delta.

The following general targets will assist in meeting
the implementation objective:

¯ Increase the total number of pairs.

¯ Increase the number of pairs in each of the 13
isolated populations.

¯ Increase the number of populations.
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I SALT MARSH HARVEST MOUSE

I With the gradual development of the Suisun Marsh
and San Francisco Bay areas came the construction

I of dikes and levees for flood control and protection
of lands reclaimed for uses such as for salt ponds
and agriculture. These reclaimed areas supported

i livestock grazing and, in the Suisun Marsh, small
grain crops and asparagus. The vegetation growing
beyond the limits of high tide supported grazing,
and settlers found that if they diked those areas,I wetland would recede andplants eventually give
way to upland plants favored by livestock. As

I~̄,-~,,,~, more and more settlers arrived, development

I ~ ~ ~
resulted in the loss of large areas of habitat and
severe fragmentation of the habitat that remained.

INTRODUCTION Barriers, such as a road or path no more than 10

I feet across, isolated the mouse in fragmented
habitats because it would not use or travel across

The salt marsh harvest mouse is associated with       areas lacking vegetation. Upland areas consisting

I and of grasslands or salt-tolerant plants that offeredsalineemergentwetlands. Thepopulation refuge during extreme high tides and high outflow
distribution of this species have declinedperiods were adjacent to the saline emergentsubstantially, primarily as a result of reclamation of

I tidal salt marshes for agriculture, salt production,wetlands. Development altered the landscape and

’ and urban development. The loss of habitat andgeomorphology in many of these areas, which
contributed to the loss of habitat.declining condition of this species’ population

I have warranted its listing as endangered under the
State and federal Endangered Species Acts. TheSaline emergent wetlands with pic.kleweed occur

major factors that limit this resource’s contributiononly within the Suisun Marsh/North San Francisco

I to the health of the Delta are related to the adverseBay Ecological Zone of the Ecosystem Restoration

effects of historical and current loss or degradationProgram Plan (ERPP) area. The elimination of
much of the salt marsh harvest mouse’ s habitat isof saline tidal wetlands that support the dense

I stands of pickleweed on which the salt marshthe primary cause of the species’ decline. Other

harvest mouse is dependent, factors or "stressors" that have contributed to the
decline or potentially could inhibit the recovery of
the species include human activities that disturb

I the species and predation by non-native species.
RESOURCE DESCRIPTION Grazing; water management practices; land use

practices; contaminants; and human-made
structures, such as dikes and levees, continue to

The salt marsh harvest mouse occurs only in salinedegrade the quality of remaining habitat areas.
emergent wetlands associated with San Francisco

I Bay and its tributaries. Historically, these areas VISIONsupported extensive tidal wetlands, which
sustained dense stands of pickleweed. These

I plants, in turn, supported the salt marsh harvestThe vision for the salt marsh harvest mouse is tomouse,
assist in the recovery of this State- and federally

I
’
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listed endangered species through restoring salt̄ addressing the needs of waterfowl and other
marsh in San Pablo and Suisun Bays and adjacent migratory birds that also use saline emergent
marshes. Existing occupied and unoccupied wetlands.
suitable habitat areas will be protected. Saline
emergent wetlands will be restored. Stressors to
the population and habitat will be reduced, new INTEGRATION WITH OTHER
populations will be introduced into unoccupied
habitat areas. RESTORATION PROGRAMS

Protecting existing suitable habitat areas from
potential activities that could adversely affect theExisting restoration programs that would benefit
harvest mouse could be achieved throughthe salt marsh harvest mouse include:
cooperative agreements with land management
agencies, conservation easements, or purchasē Suisun Marsh Recovery Plan,
from willing sellers. Restoration of adjacent
upland habitat will help to recover this species bȳ San Francisco Bay Joint Venture,
increasing habitat area. Uplands provide the mouse
with refuge from flooding. ¯ Bay Area Wetlands Planning Group,

Reducihg factors that contribute to degradation of̄ California Coastal Conservancy,
saline emergent wetland communities would
promote natural restoration and maintenance.̄ Delta Native Fishes Recovery Plan,
Increasing the quantity and quality of salt marsh
harvest mouse habitat and reducing the adversē California Department of Fish and Game
effects of stressors would establish conditions Delta/Bay Enhanced Enforcement Program,
necessary to maintain existing populations and
allow them to naturally recover. However, ¯ Grizzly Island Wildlife Area,
introducing the mouse into unoccupied habitat
areas within its historic range would speed thē National Estuadne Reserve Research System,
recovery of the species by establishing new
populations before the species would be expected̄ North Bay Wetlands Protection Program,
to naturally expand into these or restored habitat
areas. ¯ San Francisco Bay National Wildlife Refuge,

Many programs are underway to restore the Bay-¯ Tidal Wetlands Species Recovery Plan, and
Delta salt marshes. Successful restoration program
implementation will increase the chances of salt̄ San Francisco Bay Wetlands Ecosystem Goals
marsh harvest mouse recovery. Current land Project.
management practices need to be examined and
redefined to restore, enhance, and promote saltTargets and actions will be coordinated through
marsh harvest mouse habitat. Salt marsh harvestthese programs.
mouse management strategies should focus on:

¯ managing known critical mouse habitat areas;

¯ providing additional research to identify other
factors limiting the population and determine
corrective measures; and

~ ~
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LINKAGE WITH OTHER and restored marshes and adjoining upland
habitats.

ECOSYSTEM ELEMENTS

Restoration of salt marsh harvest mouse is
integrally linked with restoration of saline
emergent wetlands and adjacent grasslands
adjacent to San Pablo and Suisun Bays.

IMPLEMENTATION OBJECTIVE~

TARGETS~ AND PROGRAMMATIC

ACTIONS

The implementation objective for the salt marsh
harvest mouse is to assist in the recovery of this
State- and federally listed endangered species in
order to contribute to overall species richness and
diversity and reduce conflict between the need for
its protection and other beneficial uses of land and
water in the Bay-Delta.

The following general targets will assist in meeting
the implementation objective:

¯ Increase the number of salt marsh harvest mice
in San Pablo and Suisun Bay marshes.

¯ Reduce the extent of isolation among the
mouse populations.

following general programmaticThe actionswill
assist in meeting the targets:

¯ Increase the area of salt marsh adjacent to San
Pablo and Suisun Bays.

¯ Decrease the extent of isolation among
remaining salt marshes.

¯ Increase the amount of adjacent grasslands to
the marshes.

¯ Reduce the degree of stressors including water
management and land use practices on existing
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RIPARIAN BRUSH RABBIT i

forests that have an ample brushy understory
within natural floodplains. These floodplain
riparian forests must be attached to suitable upland
areas for cover and retreat from annual floods.

~-~..-..~ ¯ ..~ Historically, this species’ habitat was throughout
~, ~...~. the floodplain on the valley floor in northernSan

~ ~,~. Joaquin Valley, including the Delta, but the

i

?~";~:e: ~"                   .~.~:~:.~
original forest and floodplain have been reclaimed,
cleared, altered, and degraded.

The remnant population of riparian brush rabbit is
now restricted to 198 acres ,of remaining native
riparian forest along the Stanislaus River in
Caswell Memorial State Park in southern San
Joaquin County in the East San Joaquin Basin
Ecological Zone. It is considered the most

INTRODUCTION sensitive mammal in California because of its
susceptibility to floods, fire, disease, predation,
disturbance, and flood control activities. The

The riparian brush rabbit is associated withlarge-scale loss of riparian forest has resulted in

riparian habitats of the Central Valley floodplain,over a 99% decline in the riparian brush rabbit

It has been eliminated from the Delta from loss of
population from historical levels. A population

riparian habitat. Elsewhere, the population and
census of the conducted during January 1993,

distribution of this species have declinedfound that the population size ranged from about

substantially, primarily as a result of the loss or
210 to 310 individuals. Subsequent surveys

degradation of its habitat. The loss of habitat andfollowing the January 1997 flood indicate that this

declining populations have warranted its listing asspecies by be close to extinction. No brush rabbits

endangered under the California Endangeredwere trapped in 22 nights of trapping between

Species Act. April 21 and May 30, 1997.

Overall, the de~line of the riparian brush rabbitThe major factor that limits this resource’s
contribution to the health of the Delta is related to

was caused by the destruction, fragmentation, and

adverse effects of the historical loss anddegradation of the San Joaquin Valley native
riparian forest habitat. Less than 6%~ of the

degradation of the mature riparian forests, onoriginal habitat remains. Remaining suitable
which the riparian brush rabbit depends, in the
Delta and San Joaquin River floodplain, habitat is so severely fragmented that the rabbit has

no means of naturally dispersing to other areas and
establishing additional populations. Because the
remaining riparian brush rabbit population occurs

RESOURCE DESCRIPTION within one small area, any of the following events
threaten the remaining population:

The remaining population of riparian brush rabbit̄ Caswell Memorial State Park is subject to
is restricted to remnant San Joaquin Valley riparian periodic flooding that often inundates the
forests with dense brushy understory. Unlike other entire area. Without adequate cover on
rabbits, the riparian brush rabbit occupies’riparian

~ C.g_riD
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adjacent upland areas, the rabbits become easyrestored habitat. A healthy, brushy understory
targets for both native and non-native predators, would contain:

[] The normal buildup of downed logs, dried [] wild rose,
vegetation, and ground litter in the riparian
forest increases the potential severity of[] blackberries,
wildfires. Although this type of habitat is
preferred and typically occupied by the []. elderberries,
riparian brush rabbit, any wildfire occurring
within the habitat could direct [] wildremaining cause grape,
mortality as well as massive habitat
destruction. [] a buildup of downed logs,

[] Human activities have modified the habitat.̄ dried vegetation, and
The modified habitat has "selected" against the
riparian brush rabbit and for the desert¯ ground litter.
cottontail. The desert cottontail presents two
threats: one from competition and the otherRestoring riparian habitat in the East San Joaquin
from diseases common to rabbits and carriedBasin Ecological Zone to expand the area of
by the species. These diseases are typicallysuitable riparian brush rabbit habitat adjacent to
contagious and fatal; any disease becomesoccupied habitat along the Stanislaus River will
epidemic in this .small and restrictedhelp to protect and allow the existing population of
populati.on of rabbits, brush rabbits to expand. Establishing additional

populations within the riparian brush rabbit’s
historical range in the Sacramento-San Joaquin

X¢’ISION Delta Ecological Zone would help to avoid
potential species extinction. To ensure the survival
of introduced populations, newly occupied habitat

The vision for the riparian brush rabbit is to assist "areas should be suitable only for the riparian brush
rabbit. That would reduce the likelihood of diseasein the recovery of this State-listed endangered

species in the Bay-Delta through improvements intransmission from the desert cottontail. Hunting

riparian habitat and reintroduction to its formerregulations should be modified to preclude hunting

habitat, of rabbits and hares in and near reintroduction sites
to limit the harvest of riparian brush rabbits until

Restoring suitable mature riparian forest,thespecieshasrecovered.

protecting and expanding the existing population,
and establishing new populations will be critical to
the recovery of the ~riparian brush rabbit. INTEGRATION WITH OTHER
Restoration of riparian habitats in the South Delta RESTORATION PROGRAMS
Ecological Unit of the Sacramento-San Joaquin
Delta Ecological Zone and the East SanJoaquin
Basin Ecological Zone and adjacent upland plantA draft San Joaquin Recovery Plan has been
communities will help the recovery of this speciesdeveloped which contains specific measures for the
by increasing habitat area and providing refugeriparian brush rabbit. Resources agencies have
from flooding. Mature riparian forests with a.identified Christman Island, part of the Sanbrushy understory and adjacent upland habitat with

Joaquin~ River National Wildlife Refuge, assufficient cover during flooding would be suitablepossessing the greatest potential for providing
habitat needed by the riparian brush rabbit. The

~.. ~
Volume h Ecosystem Restoration Program Plan

~ I~¥.I~I~;,~ Vision for Riparian Brush Rabbit
~ pllO~lll~ Draft: March 1998

253

C--00651 6
C-006516



agencies also agreed to continue work to identifyThe following general programmatic actions will
one or more other sites on public property alongassist in meeting the targets:
the San Joaquin River in Merced County for
restoration and reestablishment of a third̄ Expand the amount of riparian forest in the
population of the riparian brush rabbit. The northern San Joaquin Valley and the Delta.
California Department of Fish and Game and the
U. S. Fish and Wildlife Service should continuē Increase the amounts of specific habitat
the interagency coordination and commitment features needed by rabbits in riparian forests
necessary to halt the further loss and deterioration where the existing population occurs or where
of habitat and begin restoration and preservation of introduced.
suitable habitat deemed essential to maintaining
the subspecies in perpetuity. ¯ Expand the amount of upland habitat adjacent

to riparian habitat where the existing
populations occurs or to where new

LINKAGE WITH OTHER populations will be introduced.

ECOSYSTEM ELEMENTS ¯ Manage existing and new habitats to reduce
potential threat of wildfire and human
disturbanceincludinghunting.

Restoration and protection of riparian brash rabbit
is integrally linked with restoration of riparian̄ Control predators and non-native competitors
forests and adjacent grasslands and reduction in where populations exist or will be introduced.
wildfires and human disturbance in the northern
San Joaquin Valley and the Delta.

IMPLEMENTATION OBJECTIVE,

TARGETS, AND PROGRAMMATIC
ACTIONS

The implementation objective for the riparian
brush rabbit is to assist in the recovery of this
State-listed endangered species in the Bay-Delta in
order to contribute to overall species richness and
diversity and reduce conflict between the need for
its protection mid other beneficial uses of land and
water in the Bay-Delta.

The following general targets will assist in meeting
the implementation objective:

¯ Increase abundance in remaining population.

¯ Increase the number of rabbit populations.

¯ Increase the health of rabbits in the
populations.
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SHOREBIRD AND WADING BIRD GUILD

RESOURCE DESCRIPTION

I Some shorebird and wading bird species are winter
migrants limited to shallow water areas and
shorelines. Others are statewide, year-round
residents. Shorebirds and wading birds are
dependent on many different habitats, although

i , each species may be dependent on only one or a
few habitats. These habitats include perennial
aquatic, tidal slough, seasonal and emergent
wetland, midchannel island and shoal, riparian,

l
and agricultural.

Shorebirds and wading birds are present
throughout the Central Valley. Herons and egrets
are common year-round residents that breed and
winter throughout the study area. Most shorebirds
are only winter residents, with a small number
remaining tb breed. Wetland habitat conversion
has eliminated 95% of the historic wetland habitat,

.~ INTRODUCTION resulting in smaller, detached patches of suitable
habitat for nesting and foraging. Riparian habitats
suitable for use by colonial-nesting species, such as

i Over a million shorebirds and wading birdsegrets, have been lost or fragmented and are
annually migrate through, winter, or breed in thesubject to increased disturbance during the nesting
Bay-Delta. Representative species of the shorebirdperiod.
and wading bird guild include the great blue heron,
great egret, western sandpiper, and long-billed
dowitcher. These species are a significant VISION

i component of the ecosystem, are of high interest to
recreational bird watchers, and contribute to
California’ s economy through sales of equipment      The vision for the shorebird and wading bird guild

!~ and other bird-watching-related expenditures,is to maintain healthy populations of shorebirds
There have been substantial losses of historicand wading birds through habitat protection and
habitat used by these species and availablerestoration and reduction in stressors
information suggests that population levels of
many of these species are declining. Major factorsProtectingexisting and restoring additionalthat limit this resource’s contribution to the healthsuitable perennial aquatic, tidal slough, seasonal
of the Delta are related to adverse effects ofand emergent wetland, midchannel island andI shoal, and riparian habitats and improvingconversionof nativehabitatsfor agricultural,
industrial, and urban uses and land and watermanagement of agricultural lands and reducing the
management practices that degrade habitats used       effect of factors that can suppress breeding success

I by these species, will be critical to maintaining healthy shorebird
and wading bird populations in the Bay-Delta.

I
~ C,V, Ud~
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Restoration of these habitats in the Sacramento-[] San Francisco Bay National Wildlife Refuge,
San Joaquin Delta and Suisun Marsh/North San
Francisco Bay Ecological Zones will help to[] SonomaBaylands Project,
maintain healthy populations by increasing the
quality and quantity of habitats used by these[] Tidal Wetlands Species Recovery Plan,
species.

¯ Yolo Basin Wetlands Project, and
Shorebirds and wading birds would also benefit
from:                                           ¯ San Francisco Bay Wetlands Ecosystem Goals

Project.
¯ management strategies that protect and

maintain important existing habitat areas,

[] project wetlands and wading bird nesting
LINKAGE WITH OTHER

areas, ECOSYSTEM ELEMENTS

[] improve habitat quality for shorebirds and
wading birds. Protection and restoration of shorebirds and

wading birds is integrally linked with restoration of
Such strategies could be implemented throughperennial aquatic, wetland, and riparian~ habitats
cooperative agreements with land managementand reduction in human disturbance.
agencies or through conservation easements or
purchase from willing sellers.

IMPLEMENTATION OBJECTIVE~
Restoration of ecosystem processes and habitats
proposed by ERPP in other ecological zones willTARGETS~ AND PROGRAMMATIC
also allow natural floodplains, meander corridors, ACTIONS
seasonal pools, and riparian vegetation to develop
that will provide habitat for these species
elsewhere in the Central Valley. The implementation objective for the shorebird

and wading bird guild is to maintain healthy
populations in order to contribute to overall species

INTEGRATION WITH OTHER richness and diversity and reduce conflict between

RESTORATION PROGRAMS the need for their protection and other beneficial
uses of land and water in the Bay-Delta.

The following general targets will assist in meeting
Other existing programs that will directly or      the implementation objective:
indirectly improve and restore habitatfor
shorebirds and wading birds include: ¯ Increase the number of shorebirds and wading

¯ Bay Area Wetlands Planning Group,                 birds over present levels.

¯ Increase the distribution of shorebirds and
[] Central Valley Habitat Joint Venture, wading birds.

¯ Cosumnes River Preserve, ¯ Increase the quantity and quality of

[] Grizzly Slough Wildlife Area,
overwintering and resting habitat.

Volume 1: Ecosystem Restoration Program Plan
Vision for Shorebird and Wading Bird Guild

~ ~RO~lq~                                                                                          Draft: March 1998

256

C--00651 9
(3-006519



The following general programmatic actions will
assist in meeting the targets:

Increase the amount of riparian habitat in the
Central Valley.

Increase the amount of perennial aquatic
habitat in the Central Valley.

¯ Increase the amount of emergent and seasonal
wetlands in the Central Valley.

Improve water management and land use
practices to benefit wading birds’ and
shorebirds.

¯ Limit disturbance to nesting, roosting, and
foraging habitats.
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WATERFOWL

Migration over long distances requires a great
amount of energy. Upon arrival to wintering
grounds, waterfowl depend on high-quality
foraging habitat with sufficient grains, insects, and
aquatic plants to replenish their energy reserves.
These habitats include seasonal, permanent, tidal,
and agricultural wetlands; deepwater; riparian
woodlands; grasslands; and agricultural uplands
and other associated
habitats.

Recent declines in waterfowl populations are
attributed primarily to the cumulative degradation
or loss of breeding, wintering, and foraging

INTRODUCTION
habitats in the Central Valley and outside of
California. Population declines are most likely
caused by a combination of factors that have
reduced or eliminated important ecosystem

Central Valley waterfall populations are a highlyprocesses. These factors include:
valued and diversified biological resource and are
found in all ecological zones within the study area.[] loss of natural wetlands because of altered
Large numbers of ducks, geese, and swans winter flow regimes, resulting in the loss of natural
in the Central Valley after migrating from northern floodplains;
breeding areas. Some species, such as the mallard,
gadwall, and Canada goose, are also year-long[] fragmentation or loss of large areas of
residents and breed locally in wetlands and nearby wetlands as a result of land reclamation;
uplands. Waterfowl are a significant component of
the ecosystem, are of high interest to recreational̄ loss of shallow-water habitat as a result of
hunters and bird watchers, and contribute to flood management practices;
California’s economy through the sale of hunting
and related equipment. Historical waterfowl[] loss of riparian habitat resulting from
wintering habitat areas have declined by channelization and levee protection practices;
approximately 95% and, as a result of substantial
lossesof wetlandandgrasslandhabitats,waterfowl [] loss of tidal wetlands as a result of dikes and
breeding populations have declined from historical levees fro flood control;
levels. ¯

[] heavy metal contamination from sources such
Major factors that limit this resource’s contribution as subsurface agriculture drainage; and
to the health of the Delta are related to adverse
effects of conversion of wetland and grassland[] loss of the natural mosaic of habitats required
habitats to agricultural, industrial, and urban uses. to meet the life requirements of waterfowl.

Many other factors have also contributed to the
RESOURCE DESCRIPTION decline of waterfowl, although perhaps to a lesser
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degree. These include high concentrations ofalso allow floodplain wetland, riparian, and upland
waterfowl in relatively small areas, which exposeshabitats to develop that will provide habitat for
greater portions of the population to diseases (suchwaterfowl elsewhere in the Central Valley.
as botulism and cholera) and predation on nests
and young by non-native species. Other factors
that can affect waterfowl populations, such as INTEGRATION WITH OTHER
extended periods of drought, are natural and will
remain. RESTORATION PROGRAMS

VISION Some of the programs that are restoring
populations and habitat for waterfowl in the study
area include:

The vision for waterfowl is to maintain healthȳ Upper Sacramento River Fishery and Riparian
populations at levels that can support consumptive Habitat Council (SB 1086) Program,
(e.g., hunting) andnonconsumptive(e.g.,
birdwatching) uses. ¯ Suisun Marsh Protection Plan,

Protecting existing restoring       ¯ California Department of Fish and Gameand additional
suitable seasonal, permanent, and tidal wetlands; wildlife areas,
deepwater; riparian woodlands; and grasslands;

¯ U.S. Fish and Wildlife Service refuges,and other associatedhabitatsand improving
agricultural land management and reducing the
effect of breeding stressors will be critical to¯ The Nature Conservancy’s Jepson Prairie
maintaining healthy waterfowl populations in the Preserve,
Bay-Delta. Large-scale restoration of nesting,
brood, and foraging habitat will help to reduce¯ Ducks Unlimited Valley Care Program
predation on nests and young. Diverse and wide-
spread habitats decrease the likelihood of large-̄

California Waterfowl Association,scale outbreaks of disease. Habitat restoration in
the Sacramento-San Joaquin Delta and Suisun̄ Cache Creek Corridor Restoration Plan,Marsh/North San Francisco Bay Ecological Zones
will help to maintain healthy populations of̄ Putah Creek South Fork Preserve,
waterfowl by increasing the quality and quantity of
habitats used by these species. ¯ Woodbridge Ecological Reserve,

Efforts under existing migratory bird management̄ Yolo County Habitat Conservation Plan, and
programs have significantly improved critical
habitats, including water management for̄ Central Valley Habitat Joint Venture
seasonally managed agriculture fields,
development of permanent habitat on federal
refuges in the State wildlife areas, and incentives
for private landowners to provide wintering habitat
for migratory waterfowl.

Restoration of ecosystem processes and habitats
proposed by ERPP in other ecological zones will
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LINKAGE WITH OTHER " restoring and improving wetlands in
conjunction with adjacent herbaceous uplands

ECOSYSTEM ELEMENTS to improve breeding habitat,
¯ expanding existing State and Federal wildlife

areas by creating additional wetland

Protection and restoration of waterfowl populations complexes,

is integrally linked with restoration of perennial
aquatic, wetland, tidal slough, riparian, grassland,̄ improving water quality, and

and agricultural habitats and reduction in
contaminants such as selenium in Central Valleȳ establishing programs that allow government

agencies and waterfowl conservationbreeding and wintering areas,
organizations to work cooperatively to increase
the efficiency of existing strategies and
waterfowl management plans.

IMPLEMENTATION OBJECTIVE,.
TARGETS, AND PROGRAMMATIC

ACTIONS

The implementation objective for waterfowl is to
maintain healthy populations at levels that can
support both consumptive and nonconsumptive
uses consistent with the goals and objectives of the
Central Valley Habitat Joint Venture and the North
American Waterfowl Management Plan and
contribute to the overall health and beneficial uses
of the Bay-Delta.

The following general targets will assist in meeting
the implementation objective:

¯ Increase waterfowl populations, and

¯ Increase distribution of waterfowl.

The following general programmatic actions will
assist in meeting the targets:

¯ implementing management strategies to
protect important existing habitat areas,

¯ increasing the quantity and quality of breeding
habitat and forage on agricultural land,

¯ establishing new programs or expanding
existing programs to provide incentives for
landowner participation,
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UPLAND GAME

species that typically inhabit the upper elevations
of. the Coast Ranges, Cascade Range, and Sierra
Nevada. The eastem upland game group includes
those species inhabiting the eastern slopes of the
Sierra Nevada and eastern high deserts within
California.

Upland game species commonly occur in upland
habitat types, including agricultural cropland,
riparian habitats, and oak woodlands. The ring-
necked pheasant and wild turkey are non-native
species that have successfully established in the
Central Valley and are popular game for hunting.
These species occur from the Central Valley floor
to the foothills. Native species’ population
densities, with the exception of the American
crow, are currently lower than they were before
lands in the Bay-Delta were reclaimed. Native

INTRODUCTION species are an integral part of our heritage,
providing recreation and food for thousands of
people. Their populations are good indicators of

Upland game species are of high interest tothe health and viability of the vegetative
recreational hunters in the Bay-Delta andcommunities onwhichtheyrely.
contribute to California’s economy through the
sale of hunting-related equipment and hunting-Throughout California, upland game habitat has
related expenditures. Major factors that limit thisbeen degraded or lost as a result of some types of
resource’s contribution to the health of the Deltaland uses, such as logging, land conversion, water
are related to adverse effects of conversion ofprojects, intensive farming, overgrazing, and urban

upland agricultural, encroachment. Wildfires and floods also destroynative habitatsfor industrial,
and urban uses, and land use practices that degrademany acres of nesting and escape cover.
habitats used by these species.

VISION
RESOURCE DESCRIPTION

The vision is to maintain healthy populations of
The upland game guild includeS those speciesupland game species at levels that can support both
defined in the California Department of Fish andconsumptive (e.g., hunting) and nonconsumptive
Game (DFG) hunting regulations as resident and(e.g:, birdwatching) uses, through protection and
migratory upland game birds and small game. ’Ofimprovement of habitats and reduction in stressors.
the three groups of upland game species that define
the guild (Coastal and Central Valley, MountainProtecting and restoring existing and additional
Upland, and Eastern Upland), only the coastal andsuitable grassland, seasonal and emergent wetland~
Central Valley group (Table 4) is addressed in thismidchannel island and shoal, and riparian habitats,
vision. The montane upland game group includesand improving management of agricultural lands
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and reducing the effect of stressors that canDFG’s Game Bird Heritage Program continues to
suppress breeding success will be critica! toactively improve upland game habitat and hunting
maintaining healthy upland game populations inopportunities throughout the State.
the Bay-Delta. The ERPP’s proposed habitat
restoration in the Sacramento-San Joaquin Delta
and Suisun Marsh/North San Francisco Bay LINKAGE WITH OTHER
Ecological Zones will increase habitat quality and
quantity. Restoration will also help maintain ECOSYSTEM ELEMENTS
healthy populations of upland game species.

Restoring upland game habitat over a range ofProtection and restoration of upland game species
elevations above Bay-Delta mean-high-tide wateris integrally linked with restoration of riparian,~
levels woldd allow a greater diversity of plantgrassland, and agricultural habitats, as well as
species to establish, improvements in upper watershed health.

Upland game species would also benefit from
management strategies that would improve habitatIMPLEMENTATION OBJECTIVE~
quality. Management strategies should include
protecting and maintain,ing important existingTARGETS~ AND PROGRAMMATIC
habitat areas and encouraging establishment and ACTIONS
maintenance of agricultural and upland habitats
used by these species..Such strategies could be
implemented through cooperative agreements withThe implementation objective for upland game is
land management agencies, landowner incentiveto maintain healthy populations at levels that can
programs, or conservation easements with orsupport both consumptive and nonconsumptive
purchase from willing sellers, uses.

Restoration of ecosystem processes and habitatsThe following general targets will assist in meeting
that allow natural floodplains, meander corridors,the implementation objective:
seasonal pools, and riparian vegetation to develop
will provide habitat for upland game species̄ Increase upland game populations.
elsewhere in the Central Valley.

¯ Improve hunting opportunities.

INTEGRATION WITH OTHER The following general programmatic actions will

I:~STORATION PROGRAMS assist in meeting the targets:

¯ Protect and restore Upland habitats.

Groups that are involved in efforts to restorē Improve land use and agricultural land
upland game include: management to enhance upland game.

¯ DFG game management, ¯ Improve forest and riparian land management

¯ Pheasants Forever,
for upland game.

¯ Reduce potential for wildfire in floodplain,
¯ Turkey Federation, and riparian forest, grasslands, and forest lands.

¯ Quail Unlimited.
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Upland Game Species and the Groups in Which They Appear

Coastal and Montane Eastern
Central Valley Upland Game Upland Game

Species Group Group Group

Ring-necked pheasant X

California quail X X

Wild turkey X X

Common snipe X X X

Dove X X X

American crow X X X

Tree squirrels X X X

Cottontail/brush rabbit X X X

Black-tailed hare X X X

Biand-tailed pigeon X X X

Chukar* X X

Mountain quail* X X

Sage grouse* X

Blue/ruffed grouse* X

Ptarmigan* X

*These species are not addressed by this vision.
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I
NEOTROPICAL MIGRATORY BIRD GUILD

INTRODUCTION Neotropical birds occur throughout the California
and are associated with most of California’s habitat
types, including forested woodlands, riparian and
montane riparian habitats, unforested lowlands,Neotropical species breed in North America and
grasslands, shrub habitats, valley foothillwinter in Central and South America. Many

species of neotropical migratory birds migrate
hardwood, valley foothill hardwood-conifer, and
wetlands. Population levels of many of these

through .or breed in the Bay-Delta. These speciesspecies has declined, primarily as a result of theare a significant component of the ecosystem.
These species are of high interest to recreational

loss and degradation of habitats on which they

bird watchers, and contribute to California’s
depend, both in California and on their Central and

economy through sales of equipment and otherSouth American wintering areas. In California, the

bird-watching-related expenditures. There have
quality and quantity of important neotropical

been substantial losses of historic habitat used bymigrant bird habitats have been substantially
reduced primarily by their conversion tothese species and available information suggests

that population levels for many of these species is
agricultural, industrial, and urban uses, and land
use practices that degrade the values provided bydeclining,
these habitats.

Major factors that limit this resource’s contribution
to the health of the Delta are related to adverse ’
effects of conversion of native habitats for VISION

¯ agricultural, industrial, and urban uses, and land
use practices that degrade habitats used by these
species.         ~                               The vision for the neotropical migratory bird guild

is to maintain and increase healthy populations of
neotropical migratory birds through restoring

RESOURCE DESCRIPTION habitats on which they depend.

Protecting existing and restoring additional
suitable wetland, riparian, and grassland habitatsThe neotropical migratory bird guild comprises

bird species that breed in North America andwill be critical to maintaining healthy neotropical

winter in Central and South America.migrant bird populations in the Bay-Delta. Large-

Representative species of the neotropical migratoryscale restoration of nesting habitat will help reduce

bird guild are the western kingbird, western wood-nest parasitism and Predation by creating habitat

pewee, tree swallow, cliff swallow, northern oriole,
conditions that render neotropical birds less

Wilson’s warbler, and yellow-breasted chat. susceptible to these stressors. Restoration of these
habitats in the Sacramento-San Joaquin Delta andIndividual visions are developed for some

neotropical migrants, such as the Swainson’s hawkSuisun Marsh/North San Francisco Bay Ecological

and yellow-billed cuckoo, and those visionsZones will help maintain healthy populations by

contain more specific targets relating to thoseincreasing the quality and quantity of habitats used

species. All species of the neotropical migratory
by these species. Restoration of ecosystem
processes and habitats in other ecological zonesbird guild depend on the flora of California to

forage and reproduce, typically from about May will also allow natural floodplains, stream

until September. The birds normally spend the restmeanderings, seasonal pools, and riparian

of the year in Central and South America.
vegetation to develop that will provide habitat for
these species elsewhere in the Central Valley.
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INTEGRATION WITH OTHER The following general targets will assist in meeting

RESTORATION PROGRAMS
the implementation objective:¯
¯ Increase populations of neotropical birds in

the Central Valley.
Relatedrestorationprogramsinclude:

¯ Increase the distribution of neotropical birds in
¯ Central Valley Project Improvement Act, the Central Valley.

¯ Cache Creek Corridor Restoration Plan, The following general programmatic actions will
assist in meeting the targets:

¯ Cosumnes River Preserve,
¯ Increase wetland, riparian, grassland and

R Riparian Habitat Joint Venture’ habitats in the Central Valley.

¯ Upper Sacramento River Advisory Council’s ¯ Improve upper watershed health.
Riparian HabitatCommittee (SB1086
program), ¯ Improve specific nesting habitats for

individual species within their existing and
m San Joaquin River Management Program, and restored habitats.

¯ U.S. Fish and Wildlife Service’s Anadromous ¯- Protect nesting habitats from predators and
Fish Restoration Plan. human disturbance.

LINKAGE WITH OTHER

ECOSYSTEM ELEMENTS

Restorationof neotropical migratory birds is
integrally linked with restoration of wetland,
riparian, grassland, and forest habitats.

IMPLEMENTATION OBJECTIVE,
TARGETS, AND PROGRAMMATIC

ACTIONS

The implementation objective for the neotropical
migratory bird guild is to maintain healthy
populations to contribute to overall species
richness and diversity and reduce conflict between
the need for their protection and other beneficial

i uses of land and water in the Bay-Delta.
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!1

LANGE’S METALMARK, DELTA GREEN GROUND
BEETLE,AND VALLEY ELDERBERRY LONGHORN BEETLE

ĪNTRODUCTION                2,000 butterflies. A wide variety of stressors (e.g.,
land use, wildfire, non-native plant species, sand
mining, fences, and human-related disturbance)

The Lange’s metalmark, a federally listedthat degradethisspecies’habitathavecontributed

endangered species, the delta green ground beetleto the endangered status of Lange’s metalmark.

and the valley elderberry longhorn beetle (VELB),The delta green ground, beetle is found at the
both federally listed threatened species, are
respectively associated with inland dune, vernalJepson Prairie Preserve in Solano County, which is

pool, and riparian habitats. The distribution and
in the Yolo Basin Ecological Zone. The delta

populations of these species have declinedgreen ground beetle and its soft-bodied prey
species are most often observed on moistsubstantially, primarily as a result of the loss or
environments such as those provided by Olcottdegradation of these habitats within their range.

The loss of habitat and declining condition of theseLake and vernal pools within the Jepson Prairie

species populations have warranted their listing as
Preserve. Vernal pools and aquatic seasonal

threatened or endangered under the federalhabitats supply the critical needs of the delta green
ground beetle. Entomologists believe thatEndangered Species Act. appropriate conditions for the species are found in

Major factors that limit this resource’s contributionopen, moist habitats with limited vegetative cover.

to the health of the Delta are related to adverse
effects of conversion of native habitats forSince 1974, entomologists have seen or collected

agricultural, industrial, and urban uses, and landonly 75 adult delta green ground beetles in the

and water management practices that degradepreserve area. Although the historical distribution

habitats used by these species, of the delta green ground beetle is unknown, the
widespread disruption of wetland and grassland
habitats in the Central Valley over the last 150
years strongly suggests that the range of the beetle

RESOURCE DESCRIPTION has been reduced and fragmented. Today, the
beetle predominately inhabits the borders of vernal
pools and Olcott Lake at the Jepson Prairie

The preferred habitat of Lange’s metalmark, aPreserve. The primary threats to the survival of the
butterfly, is inland dune scrub. The Lange’sdelta green ground beetle have been, and continue
metalmark is dependent on its host plant, nakedto be, loss and alteration of its wetland habitat
buckwheat. The present range of Lange’.sprimarily because of agricultural conversion (i.e.,
metalmark has been reduced to about 70 acres ofthe plowing and leveling of land); grazing; fiver
suitable habitat within the Antioch Dunes Nationalchannelization; and construction of dams, drainage
Wildlife Refuge and on a few small parcels ofways, and pipelines.
privately held land on the eastern flank of the
refuge. Over a 9-day sampling period in 1977, VELB has been found only in association with its
biologists estimated that only 400 adult butterflies" host plant, elderberry (Sambucus spp.). Elderberry
remain at the Little Corral site. From 1986 to is a component of the remaining riparian forests
1991, the population increased exponentially, fromand adjacent grasslands of the Central Valley.
approximately 160 butterflies to nearly 2,000. InEntomologists estimate that the range of this beetle
1992, the population fell to about one-third of the extends from Redding at the northern end of the
peak level, but by 1996 had recovered to more that Central Valley to the Bakersfield area in the south.

Volume I: Ecosystem Restoration Program Plan
-.~ I~t.D~Tlt Vision for Lange’s Metalmark, Delta Green Ground Beetle, and Valley Elderberry Longhorn Beetle

~ PltO~l~t Draft: March 1998

266

C--006529
C-006529



Important stressors on VELB are fragmentation ofEcological Zone will help. maintain healthy
riparian habitat; grazing; and excessive collectionpopulations by increasing the quality and quantity
of the species for commercial, recreational,of habitats used by these species.
scientific, or educational purposes. Local
populations can also be severely damaged byThe period required to achieve recovery of the
pesticides inadvertently drifting from nearbyVELB could be reduced by introducing the species
agricultural lands into occupied habitat areas, into unoccupied or restored habitat areas. Such a

strategy could be implemented through cooperative
agreements with land management agencies or

VISION cooperative agreements with willing landowners.
The VELB would also benefit from development
and implementation of alternative designs for and

The vision for the Lange’s metalmark, the deltamaintenanceof floodcontrol,bankprotection,and

green ground beetle, and VELB is to assist inother structures that reduce their potential adverse

maintaining the existing Lange’s metalmark
effects on existing riparian habitats.

population and by maintaining its abundance, and
Restoration of ecosystem processes and habitats into assist in the recovery of the delta green groundother ecological zones will also allow riparianbeetle and VELB by increasing their populations

and abundance through habitat restoration, vegetation to develop that will provide habitat for
these species elsewhere in the Central Valley. The

Protecting existing and restoring additionalbenefit of these restorations for recovery of the

suitable inland dune scrub habitat will be critical toVELB would be increased by implementing
restoration of riparian habitats in a manner thatmaintaining and increasing the abundance of the
links isolated areas supporting existing VELBLange’s metalmark population in the Bay-Delta.

Habitat restoration in the Sacramento-San Joaquinpopulations.

Delta Ecological Zone will help maintain healthy
populations by increasing the quality and quantity
of this species habitat. INTEGRATION WITH OTHER

RESTORATION PROGRAMS
Protecting existing and restoring additional
suitable seasonal wetlands, including vernal pools,
and associated grasslands will be critical toThere are a number of programs that involve these
recovery of the delta green ground beetle in the
Bay-Delta. Restoration of these habitats in thespecies:

Sacramento-San Joaquin Delta Ecological Zone[] U.S. Fish and Wildlife Service,will help maintain healthy populations by
increasing the quality and quantity of habitats used[] California Department of. Fish and Gameby this species.

(DFG),

The delta green ground beetle would also benefit̄
~alifornia State Parks and Recreation,from cooperative management strategies with The

Nature Conservancy’s Jepson Prairie Preserve. ¯ Riparian Habitat Joint Venture,

Protecting existing and restoring additional
DFG’s Calhoun Cut Reserve, andsuitable riparian habitats and establishing n.ew

populations will be critical to recovery of the
[] TNC’s Jepson Prairie Preserve.VELB in the Bay-Delta. Restoration of riparian

habitats in the Sacramento-San Joaquin Delta
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LINKAGE WITH OTHER ¯ Protect and restore wetland, riparian, and
grassland habitat.

ECOSYSTEM ELEMENTS
[] Implement control measures to eradicate

invasive plant species.
Restoration of these species is integrally linked
with restoration of seasonal wetland, riparian,̄ Increase the amount of inland dune scrub
inland dune, perennial aquatic, and grassland habitat.
habitats in the Central Valley and are adversely
influenced by the detrimental effects of invasivē Develop cooperative management strategies
plant species, with the Antioch Dune Ecological Reserve that

protect and and manage existing habitat areas.

IMPLEMENTATION OBJECTIVE, ¯ Maintain healthy populations of naked

TARGETS, AND PROGRAMMATIC
buckwheat within inland dune scrub habitats.

ACTIONS ¯ Enhance the formation of active dunes by such
means as importing clean sand of appropriate
dimensions, reducing stabilizing vegetation,

The implementation objective is to assist in and increasingtopographicrelief, dune height,

maintaining populations of the Lange’s metalmark, and the frequency of steep north/northwest

a federally listed endangered species, by increasing facing erosional slopes with sparse vegetation
its abundance, and assist in the recovery of the cover.

delta green ground beetle, a federally listed
threatened species, and Valley elderberry longhorn̄ Design and manage restored seasonal wetlands
beetle, a federally listed threatened species, by and grasslands near delta green ground beetle

increasing their populations and abundance, populations to improve habitat quality for the

Meeting this objective would contribute to overall species.

species richness and diversity and reduce conflict
between the need for their protection and other̄ Introduce species into unoccupied or restored
beneficial uses of land and water in the Bay-Delta. habitat areas.

The following general targets will assist in meetinḡ Reduce lafid and water management practices

the implementation objective: that degrade habitats used by these species.

¯ Increase the number and distribution of
Lange’ s metalmark.

¯ Increase the numbers and distribution of delta
green ground beetle.

¯ Increase the numbers and distribution of valley
elderberry longhorn beetle..

The following general programmatic actions will
assist in meeting the targets:
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VISION FOR REDUCING OR ELIMINATING STRESSORS

stressors is a major component in the EcosystemINTRODUCTION
Restoration Program Plan (ERPP). Stressors
addressed have a strong effect on an ecological

habitat, or a species that is dependent onThis section process,presents
the Bay-Delta and can be feasibly and sufficientlyvisions for stressors

that adversely affect reduced to improve the health of the Bay-Delta
ecosystem. Table 11 identifies important stressorsimportant ecosystem
and the related ERPP implementation objective.elements. Stressors are

natural and unnatural
Implementation objectives are fixed and will not
change through time. Table 12 presents the basis

eventsor activitiesthat
adversely affect

for their selection as an ecosystem stressor. The
broad stressor, land use, is addressed as anecosystem processes,

habitats, andspecies, element of all stressor visions.

Environmental These visions describe the locations where the
stressors include water diversions, water
contaminants, levee confinement, stream

stressor has a substantial adverse effect in the

channelization and bank armoring, mining andERPP. area, and how each stressor affects

dredging in streams and estuaries, excessiveecological processes, habitats, and/or species.

harvest of fish and wildlife, introduced predatorRestoration needs to reduce the adverse effects of

and competitor species, and invasive plants instressors are also identified. The Ecosystem
Restoration Program Plan, Volume II: Ecologicalaquatic and riparian zones. Some major stressors
Zone Visions contains more detailed objectives,affecting the ecosystem are permanent features on

the landscape, such as large dams and reservoirstargets, and programmatic actions for each

that block transport of the natural supply ofstressor as it relates to a specific ecological zone.
Table 13 identifies which zones address whichwoody debris and sediment in rivers or alter

unimpaired flows. Reducing the adverse effects ofstressors.

TABLE 11. STRESSORS AND ERPP IMPLEMENTATION OBJECTIVES

Stressor Type Implementation Objective

Water Diversions reduce entrainment of all life stages of fish into water diversions in
order to increase survival and population abundance to levels that
contribute to the overall health of the Delta and reduce conflicts for
other beneficial uses of land and water.

Dams, Reservoirs, Weirs, and    increase the quality ~and dependability of migration corridors
Other Structures               connecting upstream spawning and rearing habitat with the mainstem

rivers in the Sacramento-San Joaquin basin in order to increase
success of adult spawners and survival of juvenile downstream
migrants.

Levees, Bridges, and Bank reestablish or reactivate geomorphological processes in artificially
Protection confined channel reaches to maintain hydrologic connectivity with the

natural floodplain.

~ ~
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Stressor Type Implementation Objective

Dredging~and Sediment reduce loss and degradation of aquatic habitat and vegetated berm
Disposal islands caused by dredging activities and reduce impacts of dredging

activities on aquatic resources during critical spawning and rearing
periods and in sensitive areas.

Gravel Mining reduce the adverse effects of instream gravel mining to improve gravel
recruitment, cleansing, and transport processes, contribute to natural
stream sediment supply, and improve other stream channel processes.

Invasive Aquatic Plants reduce the adverse effects of these species on native plants to increase
and maintain the productivity of the aquatic foodweb, preserve
suitable fish habitat structure, and provide quality habitat conditions
for native submergent and emergent plants.

Invasive Aquatic Organisms reduce introductions of non-native species in order to protect and
provide sustainable populations of native species.

Invasive Riparian and Salt reduce populations of invasive non-native tree and shrub species that
Marsh Plants compete with native riparian vegetation.

Non-Native Wildlife reduce the abundance of non-native wildlife species to maintain and
expand the diversity or abundance of native species or the ecological
stability of native habitats.

Predation and Competition reduce the loss of juvenile anadromousand resident fish and other
aquatic organisms from unnatural levels of predation in order to
increase survival and contribute to the restoration of important
species.

Contaminants reduce concentrations and loading of contaminants in the aquatic
environmentandthesubsequent bioaccumulation by aquatic species,
increase survival of aquatic species, and eliminate public health
concerns resulting from accumulation of toxins in tissues.

Fire reduce the acreage and frequency of catastrophic wildfires to reduce
their adverse effects on fish and wildlife and their habitats.

Fish and Wildlife Harvest regulate harvest of fish and wildlife to the extent necessary to avoid
impairing the reproductive capacity of the population in relation to
available habitat.

Artificial Fish Propagation reduce the potentially adverse effects of stocking artificially produced
fish throughout Central Valley rivers and streams in order to increase
the survival of naturally produced fish, contribute to long-term
restoration goals, and maintain the genetic diversity of naturally
producing populations of chinook salmon and steelhead populations.

Disturbance reduce human activities that adversely affect wildlife behavior or
cause habitat destruction, increase reproductive success, and
contribute to restoration of important species.

~ ~
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TABLE 12. BASIS FOR SELECTION OF STRESSOR ECOSYSTEM ELEMENTS

Stressors Basis for Selection as an Ecosystem Element

Water Diversions Diversions cause loss of water, nutrients, sediment, and organisms
(entrainment). The transfer of water across the Delta through existing
channels may also detour migrating resident, estuarine, and resident
fish species from their primary routes. The diversion rate also
contributes to reduced water residence time which reduces primary
(plant) and secondary (animal) production and standing biomass.

Dams Reservoirs, Weirs, and    Dams block fish movement, alter water quality, remove fish and
Other Structures               wildlife habitat, and alter hydrological and sediment processes. Other

human-made staaactures may block fish movement or provide habitat
or opportunities for detrimental predatory fish and wildlife.

Levees, Bridges, and Bank Levees, bridges, and bank protection structures inhibit overland flow
Protection and erosion and depositional processes that develop and maintain

floodplains, and allow stream channels to meander. Levees prevent
floodflows from entering historic floodplains, and eliminate or alter
the character of floodplain ecosystem processes and habitats.
Channelizing floodflows also increases scour or incision and reduces
or halts channel meander and oxbow formation. Bridges have a
similar, though generally more localized effect.

Dredging and Sediment Dredging in Bay-Delta waters may damage aquatic habitat or harm
Disposal aquatic animals and plants. Channel dredging also contributes to levee

instability and steepens channelbanks which increases shoreline
habitat erosion.

Gravel Mining Mining sand and gravels from rivers and floodplains may affect
supply, gravel movement, deposition.naturalsediment andsediment

Sand, gravel, and sediment distribution influences the quality of
wildlife habitat, abundance of aquatic predators, water quality and fish
and wildlife populations. Excessive instream mining could result in
riparian corridor instability.

Invasive Aquatic Plants Invasive aquatic plants may have an adverse effect on native aquatic
plants, constrain habitat quality of water ways, require control
measures, and impair water conveyance systems and use of fish
protective devices such as fish screens.

Invasive Aquatic Organisms Invasive aquatic organisms may have an adverse effect on the
foodweb and on native species resulting from competition for food
and habitat and directpredation.
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Stressors Basis for Selection as an Ecosystem Element

Invasive Riparian and Salt Restoration of native riparian and salt marsh plants and plant
Marsh Plants communities can be hindered by introduced species which may

outcompete or displace native plant species. Non-native plant species
may have little value to wildlife and other riparian dependent species.

Non-native Wildlife Introductions of non-native species may adversely affect the survival
of native wildlife. Non-native wildlife has greatly altered ecological
processes, functions, habitats, species diversity, and abundance of
native plants, fish, and wildlife.

Predation and Competition Unnatural levels of predation and competition may adversely affect
populations of fish and wildlife.

Contaminants Contaminants affect water quality and the survival of fish, waterfowl,
and the aquatic foodweb.

Fire Wildfires caused from unnaturally high fuel levels in tributary
watersheds of the Bay-Delta threaten water supply and fish and
wildlife habitat through deforestation. Deforestation results in
excessive erosion and surface runoff.

Fish and Wildlife Harvest Fish and wildlife harvest may affect abundance of species or viability
of local populations.

Artificial Fish Propagation Fish hatcheries and other artificial propagation programs (e.g., pen-
~ rearing salvaged striped bass) may adversely affect populations of

"wild" fish. Direct effects might be predation on wild fish or
competition from artificially-produced fish. Indirect effects may occur
from adverse changes in wild population genetics from interbreeding
with hatchery fish. Disease may also be transferred from hatchery fish
to wild fish.

Disturbance Boating, habitat disturbance, and other negative anthropogenic
activities may adversely affect wildlife habitat and species abundance
and distributions.

i
i
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TABLE 13. ECOLOGICAL ZONES IN WHICH IIVIPLEMENTATION OBJECTIVES, TARGETS~ AND
PROGRAMMATIC ACTIONS TO REDUCE STRESSORS ARE PROPOSED

[Note: Refer to Volume H: Ecological Zone Visions for information regarding specific targets and actions.J

Stressors Ecological Z0nea

1    2 3 4 5 6 7 8 9 10 11 12 13 14

Water
Diversions

Dams, Weirs,
Reservoirs, and ¯ ¯ ¯ ¯ ¯ ¯
Other Structures

Levees,
Bridges, and ¯ ¯ ¯ ¯
Bank Protection

Dredging and
Sediment ¯
Disposal

Gravel Mining ¯ ¯ ¯

Wildfire

Non-native
Species

Predation and
Competition

¯ ¯ ¯ ¯ ¯ ¯

Contaminants ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Fish and

Harvest

Artificial Fish
Propagation

¯ ~ ¯ ¯ ¯ ¯ ¯

Disturbance ¯ ¯

Ecological Zones

a 1 = Sacramento-San Joaquin Delta 8 = Feather River/Sutter Basin
2 = Suisun Marsh/North San Francisco Bay 9 = American River Basin
3 = Sacramento River 10 = Yolo Basin
4 = North Sacramento Valley 11 = Eastside Delta Tributaries
5 = Cottonwood Creek 12 = San Joaquin River
6 = Colusa Basin 13 = East San Joaquin Basin
7 = Butte Basin 14 = West San Joaquin Basin
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WATER DIVERSIONS

debris and dissolved nutrients are lost to
diversions.

STI SSOR DESCl II’TION

Water diversion in the Bay-Delta and its water-
shed may vary by water year type and month of
the year, and has a wide variety of effects on
streamflow, aquatic organisms, habitat, and
ecosystem processes. In some cases, diversions on
a tributary stream remove so much flow during
summer and fall that little or no flow remains in

INTRODUCTION the stream.

Along the mainstem Sacramento River the follow-
Water diversions are found throughout Centraling diversions exist:
Valley rivers and their tributaries, the Bay and
Delta. Water is diverted for irrigated agriculture,¯ The Red Bluff Diversion Dam (RBDD)
municipal and industrial use, and managed diverts Sacramento River water into the
wetlands. Tehama-Colusa Canal and the Coming Canal.

Water diversions in the Bay-Delta watershed̄ The Anderson-Cottonwood Irrigation District
directly and indirectly affect fish, aquatic (ACID) Diversion Dam diverts water into the
organisms, sediments, streamflow, habitat, ACID canal.
foodweb productivity, and species abundance and
distribution. The rate of diversion from the Delta¯ The Glenn-Colusa Irrigation District’s
affects residence time o’f water which, in turn, (GCID’s) Hamilton City Pumping Plant.
affects primary (plant) and secondary (animal) With a diversion capacity of 3,000 cubic feet
production, per second (cfs) it is the largest diversion on

the Sacramento River.
Factors that relate to the influence that diversions
have on the health of the Bay-Delta ecosystem̄ Several hundred smaller diversions exist
health include diversion rate, the season in which along the Sacramento River, more than 2,000
water is diverted, the diversion location, fish diversions exist in the Delta, and about .150
species, fish life stage periodicity, and whether diversions exist in the San Joaquin.
the diversion is equipped with adequate fish
protection facilities. The largest diversions have fish screens and

require frequent, routine maintenance to provide
In most cases, entrained organisms do not survive,consistent levels of fish protection. The
Some diversions have screens that exclude mosteffectiveness of screes is dependent on may
juvenile and adult fish; however, eggs and larvalfactors, including maintenance, design, and site- |
fish, invertebrates, planktonic plants, organicspecific physical conditions. A well-designed fish

~
Vision for Water Diversions~’~ I~Y4~I~T~
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screen based on proved technology is effective inthe Suisun Resource Conservation District
reducing entrainment and impingement losses of(SRCD) and California Department of Fish and
many species of juvenile fish. Screen retrofits canGame (DFG) began a program to screen some
be fairly inexpensive, especially on smaller-sizeddiversions with self-cleaning, fine-mesh screens.
diversions.

In the~south Delta, the two largest diversions are VISION
operated by the State Water Project (SWP) and
federal Central Valley Project (CVP). These two
large diversions have louvers that guide juvenileThe vision for water diversions is to reduce the
fish into bypasses and holding facilities, whereadverse effects of water diversions, including
. salvaged fish are collected and transported back toentrainment of aquatic organisms. Achieving this
the Bay and Delta. Many fish are salvaged,vision will assist in the recovery of State- and
Nevertheless, many more are lost to handling,federally listed fish species, improve important
predation and to bypass inefficiency duringsport fisheries, and improve the Bay-Delta aquatic
collection and holding at the fish facilities, orfoodweb.
during fish transport. Programs to upgrade these
fish protection facilities are ongoing. This vision concentrates on the direct effects of

aquatic organism entrainment. Cumulatively,
Two large fossil fuel power plants are operated inwater diversions remove large numbers of youngthe Bay-Delta, one at Antioch and one at

Each has screened intake
salmon, steelhead, delta smelt, splittail, stripedPittsburg. large, bass, and many other fishes and invertebrates

systems~ The screens, however, use 1950sfrom the rivers, Delta, and Bay.
technology and do not effectively screen larvae or
small juvenile fish. Although the power plantsApproaches to achieving this vision include
return the water to the Delta, many entrained
larvae and juveniles are killed by mechanicalreducing their adverse effects by removing or

relocating high impact diversions. Altering thedamage or heat stress. Survival rates have been
timing of some diversions would help to reducemeasured only for striped bass and under many
losses of aquatic organisms. Installing positive-conditions, approximately 80% passing through
barrier fish screens would help to reduce losses.the plant survive.

On much o~ the Sacramento and San Joaquin
The Contra Costa Water District has several

rivers and their tributaries, diversions entraindiversions in the Bay-Delta. They sporadicallyjuvenile salmon and steelhead in spawning andoperate a diversion at Mallard Slough in Suisun
rearing areas, and on their migrations downstreamBay. New screens are in place at the new Los
toward the ocean. Adequate positive barrier fish ’Vaqueros diversion on Old River. New screens
screens will protect juvenile salmon and steelheadare being constructed at the Contra Costa Water
from being entrained. Positive barrier fish screensDistrict Rock Slough intake,
can be employed at most of the tributary diversion

In Suisun Bay and Suisun Marsh, far fewersites.

agricultural diversions exist because of brackish
Screen upgrades continue to improve screening

waters. However, many State and privatelyefficiency for the large diversions along the
managed wetlands divert water seasonally from

Sacramento River, such as those of ACID, RBDD,Suisun Marsh sloughs. The larger diversions at
and GCID. The Red Bluff Research Program is

Roaring River, Grizzly Slough, and Island Sloughstudying alternatives, including pumping from the
are screened. The smaller diversions areriver and returning entrained salmon and
unscreened gates, siphons, or pumps. Recently,

~ C3IJr:D
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steelhead to the river tl~rough a bypass system.Diversion Program, Anadromous Fish Screen
Positive-barrier screens that move fish through aProgram of the CVPIA, and NRCS’s Fish Screen
bypass are also being considered for largeProgram. Recently, Reclamation Districts l08 and
diversions such as GCID. 1004, and Princeton-Codora-Glenn/Provident

Irrigation District and other large diverters are
The Delta Fish Facilities Technical Team iseither installing new screens or have begun the
focusing on reducing entrainment losses at theengineering needed to install screens. Hundreds~of
south Delta pumping plants through the use ofsmaller diversions along the river consist of
positive barrier fish screens. Salvage facilities atsiphons or pumps; most of these are unscreened.
SWP and CVP diversions do not provide adequate The CVPIA Anadromous Fish Screen Program
fish protection, especially for small, fragilewill contribute to the screening of many of these
species like delta smelt, diversions on a cost-share basis. Cooperation will

also be sought with agencies having responsibility
The technical team is currently considering twoor authority for dealing with screening diversions,
parallel approaches. The first is to upgrade theincluding DFG, DWR, Reclamation, State Water
screening systems .of the existing facilities. TheResources Control Board, NRCS, NMFS, and the
second is to provide an alternative intake location,U.S. Army Corps of Engineers.
such as in the north Delta, where entrainment
losses would be less and fewer fish would be
drawn into the Central and South Delta. In the LINKAGE WITH OTHER
north Delta, bypass collectors can return fish to ¯
the river. In the south Delta, collected fish must ECOSYSTEM ELEMENTS
be transported, as with the existing south Delta
facility, to western Delta or Bay locations.

Water diversions are closely linked to Other
Using self-cleaning cylindrical screens on smallecosystem elements including processes, habitats,
Bay-Delta siphons and pump diversions appearsand species. For example, the diversion of large

"4.

feasible. In Suisun Bay and Suisun Marsh, use ofquantities of water in the Delta also results in the
either positive-barrier flat screens or conicaldiversion of sediments, nutrients, and many lower ~¯
screens on slough intakes (e.g., Roaring Riverlevel organisms in the Bay-Delta aquatic food
diversion) hasproven effective, chain. The management of water in the ERPP

study area, particularly the delivery of water to
the Delta for export, has altered natural flow

INTEGRATION WITH OTHER patterns and ecological processes that maintain
habitats in upstream rivers and tributaries and in

RESTORATION PROGRAMS the Delta. Entrainment also causes direct and
indirect mortality to juvenile fish, eggs and larvae.

Working with individual diverters would achieve
the vision to provide them with alternative IMPLEMENTATION OBJECTIVE~
sources of water, moving their intakes, revising
their diversion schedules, or funding installationTARGETS~ AND PROGRAMMATIC
of screened intakes. ACTIONS

Efforts to reduce impacts of unscreened
diversions in the Bay-Delta and its watershed willThe implementation objective is to reduce
involve cooperation among several agencies’entrainment of juvenile fish into water diversions
screening programs including DFG’s Unscreened

~ Cah~ "
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in order to increase survival and population[] Assess the effectiveness of test cylindrical
abundance to levels that contribute to the overall screens at DWR siphon diversions on
health of the Delta and other beneficial uses of Sherman Island.
land and water.

[] Screen small diversions in Suisun Marsh,
The general target is to reduce the adverse effects focusing on Montezuma and Suisun Sloughs.

of water diversion so that the diversion of water,
in conjunction with other restoration actions, does[] Continue research on fish behavior relative to

not impair other restoration efforts needed to screening (University of California, Davis

restore ecological health to the Bay-Delta system.
. Treadmill Study).

[] Continue research on fish screening and
The following activities would help to achieve related facilities design and operations.
this vibion:

[] Coordinate research and testing of the various
[] Widen the area of concern of the Anadromous screening programs among resource agencies.

Fish Screen Program’s multiagency policy
level and.management team for unscreened̄ Develop a long-term screening program plan
diversions which is composed of in cooperation with DFG, USFWS, NMFS,
representatives from the National Marine irrigators, and other stakeholders.
Fisheries Service (NMFS), U.S. Fish and
Wildlife Service (USFWS), U.S. Bureau of [] Screen small siphon and pump diversions in
Reclamatiofi(Reclamation),DFG, California the Delta, mainstem rivers, and lower
Department of Water Resources (DWR), and tributaries.
U.S. Natural Resources Conservation Service
(NRCS) districts. [] Develop an incentive plan to encourage local

diverters to consolidate smaller diversions
where possible to increasethe cost-[] Finish the development of the priority system

to install positive-barrier fish screens on all effectiveness of screening.

diversions of more than 100 cfs in the upper
Sacramento River and all diversions in

[] Consider an upgrade to existing screens at
PG&E’s Pittsburg power plant and Contratributary streams with salmon and steelhead Costa Water District’s Mallard Slough

populations by providing funding support to diversion with positive-barrier fish screens.
DFG and CVPIA screening programs.

[] Provide alternative sources of water to
[] Construct and test a pilot screening facility in diversions, where possible, in lower portions

the south Delta adjacent to the Tracy Fish of tributaries and agricultural lands and
Facility to test a full-sized positive-barrier managed wetlands along rivers and in the
fish screen and collection system. Delta and Suisun Marsh.

[] Upgrade the Tracy Fish Facility screens and
fish-holding facility and the SWP screens, REFERENCE
relocate intakes at screening altemative diver-
sion locations, or modify operations to reduce
the time and magnitude of entrainment. The Resources Agency. 1989. Upper Sacramento

[] Support completion of research at the Red River fisheries and riparian habitat
management plan. Sacramento, CA.

BluffResearchProgram.
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DAMS~ RESERVOIRS~ WEIRS~ AND OTHER STRUCTURES

STRESSOR DESCRIPTION

Dams in any form block or hinder upstream and
downstream migrations of anadromous fish and
hinder downstream transport of sediment. Larger
dams completely block anadromous fish
migration. These large dams resulted in the loss,
and in some cases extinction, of local salmon and
steelhead populations (Mills et al. 1996).

Many moderately sized diversion dams, such as
Red Bluff Diversion Dam (RBDD) and Anderson-

INTRODUCTION Cottonwood Irrigation District (ACID) Diversion
Dam, contain fish ladders to allow fish passage.

- Some dams, such as Capay Dam on Cache Creek
Dams, reservoirs, weirs, and other human-madeand Solano Dam on Putah Creek, do not.
structures come in various forms, from the largest
dam (Shasta), to small weirs on tributary streams.Small diversion "dams are generally constructed to
Dams stop downstream water flow and captureseasonally divert water for irrigation. Although
sediment derived from erosion in the uppermany have been fitted with ladders to allow fish
watersheds. The captured water backs up to createpassage, many are technologically outdated and
a reservoir. Seven major dams restrictonly marginally effective. Often, salmon and
streamflows from entering the Bay-Delta. steelhead can negotiate the fish ladders, but other

species, such as American shad, green sturgeon,
Diversion dams exist throughout the watershed ofand white sturgeon, cannot. In some cases, fish
the Sacramento-San Joaquin rivers and Bay-Delta.ladders delay adult salmon and steelhead from
Larger weirs are located along the Sacramentoreaching upstream spawning grounds or
River at the Yolo, Sutter, and Sacramentodownstream migrating juvenile salmon and
bypasses. Small weirs can be found on most uppersteelhead.
watershed tributaries.

In high-flow years, water flows from the river into
Dams, reservoirs, weirs, and other human-madethe bypasses and downstream to return to the river
structures actasstressorsonecosystemprocesses,or Delta. In such cases, adult salmon and
important habitats, and species in aquaticsteelhead may migrate upstream through the
ecosystems. For example, dams and theirbypasses and become blocked below the weirs
associated reservoirs block fish migration, alteropposite the river. A similar situation occurs in
water quality, remove fish and wildlife habitat,the Sacramento Ship Channel. Blockage and delay
and alter hydrological and sediment processes,of steelhead and winter-run salmon are of
The construction, operation, and maintenance ofparticular concern because the fish usually
these structures in the Central Valley havemigrate upstream during the winter and spring
contributed to the decline of many species, high-flow periods.
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Larger irrigation returns in wetter years havecooperation and support from other established
relatively high flows that may attract anadromousprograms underway to protect and improve
fish. Fish attracted to these returns may becomeconditions for anadromous fish and native
lost or delayed. The Colusa Basin drain, whichresident fishes in tile Bay-Delta and its watershed.
enters the Sacramento River near KnightsThe recovery plan for the Sacramento/San
Landing, is an example of an irrigation retum thatJoaquin Delta native fishes will be considered in
is known to attract adult salmon, the development of proposed actions (USFWS

1996). CVPIA will implement actions that will
reduce adverse effects caused by structures

VISION (USFWS 1997). California’s Salmon, Steelhead
Trout, and Anadromous Fisheries Program Act
includes actions to reduce adverse effects of

The vision for dams, reservoirs, weirs, and ~ther
structures (Reynolds et al 1993). The Four Pumps

structures is to reduce their adverse effects byAgreement Program continues to develop projects
to reduce effects of structures. Endangered

improving fish passage and enhancingSpecies Act requirements (biological opinions and
downstream fish habitat. Reducing these adverse
effects will assist in the recovery of State- andhabitat conservation plans) will ensure

maintenance of existing habitat conditions andfederally listed fish species and contribute to       implementation of actions (NMFS
recoverysustainable sport and commercial fisheries.           1997).

To accomplish this vision, the Ecosystem
" The blockage of migrating anadromous fish inRestoration Program Plan (ERPP) proposes to

address a variety of problems caused by thesemainstem rivers and tributary streams is a major
concern of the Central Valley Projectstructures which effect natural processes (e.g.,
Improvement Act’s (CVPIA’s)Anadromous Fishsediment transport), habitats (e.g., riverine and
Restoration Program (AFRP) and Californiariparian aquatic habitat), and species (e.g., winter-
Department ofFish and Game’s (DFG’s) Salmonrun chinook salmon and steelhead),
and Steelhead Restoration Program.

For rivers with large dams that block anadromous
fish migration, ERPP proposes to improve flow
and habitat conditions below’ these dams. Flow LINKAGE WITH OTHER
and habitat improvements would enhance salmon ECOSYSTEM ELEMENTS
and steelhead populations in the lower river
reaches. The feasibility of restoring anadromous
fish above some of these dams may be considered
in the future. Cooperation will be required from

Dams, reservoirs, weirs, and other humanmade

local irrigation districts and landowners to rectifystructures are found throughout the ERPP Study
Area and its ecological zones. Large water

these problems, storage and flood control dams are present on the
large rivers and streams and many smaller
streams. Water storage and diversion structures

INTEGRATION WITH OTHER impair ecological processes such as Central
R~ESTORATION PROGRAMS Valley streamflow, natural sediment supply,

stream meander, natural floodplain and flood
processes, and Central Valley stream

Efforts to reduce the effects of human-madetemperatures. This groupofstressorsalsoimpairs

structures on the aquatic ecosystem would involvea variety of habitats needed to support fish,
wildlife, and plant communities. The most
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adversely affected habitat is riparian and riverinē Where feasible and consistent with other uses,
aquatic habitat. Virtually all fish, wildlife and reconstruct diversions or remove dams to
plant community populations which are dependent allow fish passage.
on seasonal and perennial aquatic habitats have
been reduced. This is particularly true for
anadromous fish populations which no longer REFERENCES
have access to their former oversummering,
spawning, and rearing areas above the major
dams. Mills, T.J., D.R. McEwan, and M.R. Jennings.

1996. California salmon and steelhead:
beyond the crossroads, p. 91-111. In D.

IMPLEMENTATION OBJECTIVE~ Stouder, P. Bisson, and R. Naiman (eds.),

TARGETS~ AND PROGRAMMATIC Pacific salmon and their ecosystems: status
and future options. Chapman and Hall, New

ACTIONS York.

NMFS 1997. NMFS Proposed Recovery Plan for
The impiementation objective for dams, the Sacramento River Winter-run Chinook
reservoirs, weirs, and other human-made Salmon. National Marine Fisheries Service,
structures is to increase the connection of August 1997.
upstream spawning and rearing habitat with the
mainstem rivers in the Sacramento-San JoaquinReynolds, F.L., T.J. Mills, R. Benthin, and A~
basin in order to increase success of adult Low. 1993. Restoring Central Valley Streams:
spawners and survival of juvenile downstream A Plan for Action. California Department of
migrants. Fish and Game. 189 p.

The general target for dams, reservoirs, weirs, andUSFWS 1997. Revised draft anadromous fish
other human-made structures is to reduce or restoration plan: a plan to increase the natural
eliminate their adverse influence on ecological production ofanadromous fish in the Central
processes, habitats, and dependent species. Valley ~of California. U. S. Fish and Wildlife

Service, May 30, 1997 114 p.
The following actions would help to restore
healthy populations of Central Valley fish: USFWS 1996. Recovery plan for the

Sacramento/San Joaquin Delta native fishes.
¯ Upgrade existing ladder systems to improve U.S. Fish and Wildlife Service, 1996. 195 p.

fish passage where needed.

¯ Construct fish ladders, where appropriate, to
minimize blockages of upstream migrating
anadromous fish behind weirs.

¯ Provide adequate fish passage, including fish
ladders and appropriate attraction flows to the
ladders, for small- to moderate-sized
diversion dams .....
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LEVEES  BRIDGES  AND BANK PROTECTION

INTRODUCTION employed to remove fallen trees in the channel
between the Delta and Red Bluff.

Three major bypass systems (Butte BasinEach section of paired levees, constructed by

Overflow, Yolo Bypass, and Sutter Bypass) and State and federal projects along major rivers in the

more than 2,000 miles of major levees confinevalley, is designed to carry a particular flow or

floodflow in the Sacramento-San Joaquin Valley
flood event. Design flow is determined with the
assumption that channel "roughness" (i.e.,

tributaries, rivers, and the Bay-Delta.
resistance to flow) will not exceed certain values.

Levees, bridges, and bank protection structuresSometimes levees fail even when floodflow is
below the maximum design stage, particularly

inhibit overland flow and erosion and depositional
processes that develop and maintain floodplains,.when floodflows have a long duration, such as in

and allow stream channels to meander. Levees
January 1997.

prevent floodflows from entering historic
floodplains behind levees, stopping floodplainConstruction materials and standards used to build

evolution, and eliminating or altering the characterthe early levees would not meet present U.S.

of floodplain habitats. Confining floodflows toArmy Corps of Engineers (Corps) structural

channels also increases the fluvial energy thatcriteria. Delta levees allowed tidally-influenced

scours or incises channel beds and reduces or haltsemergent marsh to be converted to productive
farmland and towns.channel meander and oxbow formation. Bridges

have a similar, though generally more localized
effect, on channel morphology and sedimentIn some cases, bank protection has been installed

on channelbanks without a levee to protect thetransport,
landside from erosion inside the river’s active

Factors that relate to the degree of influence levees,floodplain.

bridges, and bank protection have on the Bay-Delta
In some places, the width of the levees is only ainclude the location and maintenance requirements
little wider than the width of the channel at lowofthesestructures,
flow, such as along the Sacramento River
downstream of Colusa. Restricted channels
typically cause deeper, faster velocities during

STRESSOR DESCRIPTION high stage. The amount and width of potential
riparian vegetation are restricted by narrow
levees, and these river reaches have a low ratio of

Levees were constructed in the late 19th and earlyshallow-water habitats to deep, open water. Cross
20t~ cehtury to contain the frequent flood flows, sections of these channels are typically
Protecting farms, towns, and cities from thetrapezoidal, rather than a more natural contour
devastation of floods drove levee decisions,with low bank angles and one or more horizontal
Another driving force behind levee constructionfloodplain surfaces.
was enhancing river navigation. Thus, levees were
placed near riverbanks to increase scour andToday, most of the Delta levees are higher,
prevent shoal and bar formation while making thesteeper, a.ndtherefore, pose greater potential risk
most land available for reclamation. To furtherof failure. This is a result, of land subsidence
improve navigability, a fleet of "snag boats" wascaused primarily by the oxidation, erosion, and
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depletion of peat soils in the Delta. The former tuleMost Delta levees have minimum bank
islands now resemble steep-sided bowls 5-25 feetvegetation, and many are covered by rock riprap.
below mean sea level. Therefore, the riparian corridor is very narrow or

absent along Delta channels. In addition, the
Extensive areas in San Pablo Bay, Suisun Bay, thephysical processes necessary to sustain floodplain
Delta, and the Yolo and San Joaquin basins arehabitats may be absent or diminished. Riparian
below mean high tide but are not subject to tidalvegetation is not allowed to grow on or near most
action because of levees and flapgates. Thislevees further narrowing available habitat area.
reduces the area and water volume subject to tidalThe aquatic and terrestrial habitat quality of the
mixing and reduces the size of the DeltaDelta and river corridor have declined as the
floodplain, Reduced residence time of Delta waterpercentage of riprapped levee segments increases.
and nutrients restricts the development of complexTens of thousands linear feet ofriprap are planned
molecules and foodweb organisms. Diked tidelandsfor the next phase of the Sacramento River Bank
also may have an artificially high concentration ofProtection Project.
salt at the surface.

Bridge spans are often much more narrow than
Perimeter Delta floodplains and intertidal zonesthe natural floodplain width, so bridges are
were formerlypunctuatedwithmanymilesoflow-usually flood stage "bottlenecks." Backwater
velocitybackwater channels and distributaries,effects during high flow may cause channel
Backwater channels served as nutrient, sediment,instability. Additional bank revetment and
and foodweb exchange and delivery systems, asreduced vegetation are often required so flood
well as important rearing habit~tt for juvenile fish.flows may safely pass under bridges. At least 31
At low tides, these branching slough systemsmajor bridge crossings exist on the Sacramento
provided several miles of mudflat and shallowRiver, 10 each across the lower Feather and
shoal habitat for shorebirds, wading birds, andAmerican Rivers, at least 25 on major Delta
waterfowl. Although there are many channels onsloughs and rivers, and 18 across the lower San
Delta islands and diked tidelands, they are isolatedJoaquin River to Mossdale.
from the rivers and estuaries, by levees. Many have
been filled or drained.

VISION
Upstream of the Delta, several small and large
freshwater tidal sloughs and secondary oxbow
channels of the Sacramento and San Joaquin RiversThe vision for levees, bridges, and bank
were once intertwined with main river channels,protection is to reduce the adverse effects of these
However, levee construction severed thestructures in order to improve riverine and
connections. Some of these former secondaryfloodplain habitat conditions to assist i’n the
channels are still present as isolated lakes, ~ whilerecovery of State- and federally listed fish species,
others have been filled or drained, and other fish and wildlife.

The need for extensive bank protection, primarilyDepending on size, location, and type of habitat,
rock riprap, has increased because riverbanks havesetback levees can be used to create high-quality
eroded into the narrow floodplains that typicallyhabitat nodes along low-quality, narrow sections
separate levees from channelbanks, highways,ofleveed rivers and streams. Much of the interior
railroads, or bridges. In the Delta, riprap is required

of central and west Delta islands are at anto protect steep-sided levees from waves caused by
elevation too low for extensive levee setbacks towind and boat wakes in wide channels, be feasible or desirable but should be evaluated on
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a case-by-cas.e basis. Setback levees may bethat havemore-than-adequate floodflow capacity
feasible in the east, north, and south in perimetercould support more vegetation and fill in the
Delta areas, Levees set back to higher, firmerchannel. Because of the limited width of the area
ground are more reliable, and the setback zone mayrestored and high installation costs of this
be available for restored habitats, or farmed part ofapproach, this measure is considered a lower
the year. priority to levee setbacks and removal projects.

In some cases, levees can simply be breached or
removed so that the floodplain is setback to the INTEGRATION WITH OTHER
natural shoreline. The soil could be used for
restoration elsewhere. Breached-levee areas are RESTORATION PROGRAMS
prime candidates for restoring networks of small
tidal sleaghs and shallow backwater channels,
increasing habitat complexity and diversity. Efforts to reduce the impacts of levees, bank

protection, and bridges will involve coordination
Some Delta islands constraints with other These .include:poseoverwhelming programs.
to agricultural practices and levee and drainage-
pump upkeep. Some are candidates for conversion̄ the Upper Sacramento River Fisheries and
to aquatic and tidal emergent wetland habitats. The Riparian Habitat Advisory Council (SB 1086)
Ecosystem Restoration Program Plan recommends group efforts to limit the placement of rock
a subsidence-control program to gradually restore on banks of the river, and other river corridor
island elevations, management plans;

Actions to control subsidence include: ¯ the Corps’ proposed reevaluation of the
Sacramento River Flood Control Project and

¯ managing nontidal emergent and seasonal ongoing Bank Protection Project, including
wetlands to accrete organic island soils, more comprehensive floodplain management

. and river ecosystem restoration opportunities;
¯ filling or raising with clean dredge materials,

crop stubble, and soil material, excavated to¯ wetland restoration, under the Delta Flood
expand floodwaycapacity. Protection Act (AB360), such as Decker

Island and Sherman Island habitat projects;
Reflooded Delta islands would create a mosaic of
interfaced habitat types. Depending on fill̄ proposed riparian habitat restoration and
available material and island elevations, created floodplain management studies, including-
habitats should include deep, open-water (greater potential new flood bypass systems and
than 6 feet below mean sea level), shallow-aquatic expanded river floodplains on lands recently
and nearshore habitats; intertidal mudflats and tule acquired by the California Department of
marsh; willow scrub; and mixed riparian forest. Parks and Recreation and U.S. Fish and
Saline areas also support halophytic plant Wildlife Service;
communities such as saltgrass and pickleweed.

¯ planned and proposed restoration of diked
Several pilot projects to expand shallow, nearshore tidelands of Suisun Marsh and San Pablo Bay
habitats along Delta channels using low benches and islands in the south Yolo Bypass and
along levees have been constructed and monitored Delta; and
in recent years. These designs will be refined and

application expanded, areas of the Deltatheir Other
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¯ several studies and pilot demonstration̄ Investigate the feasibility of levee setbacks
projects by the Corps, California Department along rivers.
of Fish and Game, California Department of
Water Resources, and others to develop new¯ Investigate the feasibility of levee setbacks in
alternative designs for bank revetment or the Delta.
biotechnical levee protection along rivers and
in the Delta that allow for shoreline riparian,¯ Convert selected Delta islands to a mosaic of
marsh, and shallow aquatic habitats, deep- and shallow-water and tule-marsh

habitats.

LINKAGE WITH OTHER ¯ Build innovative benches to support shoreline

ECOSYSTEM ELEMENTS
habitats, where levees must remain.

¯ Tier from on-going programs to contribute to

Levees, bridges and bank protection adversely          successful implementation.
affect important ecological processes, habitats, and
species in the ERPP Study Area. For example,
bank protection limits stream channel meander,
erosion, reduces opportunity for sediment
deposition, and restricts opportunity to regenerate
riparian and riverine aquatic habitats. In tum, fish,
wildlife, and plant communities a~e restricted or
imperiled.

IMPLEMENTATION OBJECTIVE~

TARGETS~ AND PROGRAMMATIC

ACTIONS

The implementation objective for levees, bridges,
and bank protection is to reestablish or reactivate
geomorphological processes in artificially confined
channel reaches to maintain hydrologic
connectivity with the natural floodplain.

The general target for levees, bridges, and bank
protection is to reduce or eliminate adverse effects
on ecological processes, habitats, and dependent
species to the extent possible, and in a manner
consistent with flood control.

Actions to reduce adverse effects of levees,
bridges, and bank protection on the Bay-Delta
ecosystem would include the following:
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DREDGING AND SEDIMENT DISPOSAL

i Without this maintenance dredging activity,, the
channels and harbors would become too shallow
to accommodate container ships and other heavy
vessels. Lack of dredging would also increase the
frequency and severity of Delta island flooding.
Conveyance of freshwater from the Sacramento
River to the southern Delta pumping facilities
would also become less efficient.

I Dredging and the disposal of dredged material are
potentially harmful to the natural productivity of

i
~

the Bay-Delta ecosystem. The harmful effects of

INTRODUCTION dredging could be a result of the destruction or
disruption of benthic communities, turbidity
(muddy water) plumes, and release of organics

Dredging and sediment disposal serves a number
andcontaminantsfromsediments.

of purposes in the Bay-Delta. Most dredging is Dredge materialdisposal poses potential
done to maintain or deepen navigation channels,environmental when itproblems,particularly
harbors, and marinas. Dredging is also required tocontains polychlorinated biphenyls (PCBs),
maintain or increase flood control and waterelevated concentrations of trace metals, or otherI conveyance capacity and to obtain material for
levee maintenance and repair. This maintenance

potentially harmful constituents. The major
effects of increased suspended sediment

dredging activity is required because sediments
transported to the Delta tend to accumulate in

concentrations (turbidity) at sediment disposal

I sites are probably on fish behavior, feeding
deep channels and backwater areas, patterns, foraging efficiency, modified prey

response, and habitat choice (San Francisco

I STRESSOR DESCRIPTION
Estuary Project 1993).

Historically, the main disposal sites for dredged

I material were in the Bay near Alcatraz Island, and
Approximately 2-5 million cubic yards of bottom offshore in an area that is now within the Gulf of
material must be dredged from the Bay-Delta eachthe Farallones National Marine Sanctuary. The
year to maintain adequate depth for navigationAlcatraz disposal site is no longer suitable
channels, harbors, and marinas and to maintainbecause it has become a navigation hazard.
flood control and water conveyance capacity. AsDisposal is banned in the marine sanctuary.

I harbors and channels are deepened toEfforts to identify, evaluate, and prioritize
accommodate larger cargo ships, this amount isalternative disposal sites are currently underway
expected to increase to more than six millionas part of the LTMS.

!       cubic yards per year over the next 50 years.

Dredgingmaterialis neededfor agricultural
Dredging maintains the Stockton ship channelstability and for use in ecosystem restoration. Fill

¯ through the Delta along the San Joaquin River, theis needed to construct setback le~vees, reinforce
S̄acramento deepwater ship channel, and theexisting levees, and restore wetlands and riparian
storage capacity in Clifton Court Forebay. areas, channel island habitats, and other critical
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!
areas. The need for fill will be particularly acuteU.S. Environmental Protection Agency, the San
in the lowest-lying Delta islands, some of whichFrancisco Bay Regional Water Quality Control
are 20 feet or more below sea level. OneBoard (RWQCB), the Central Valley RWQCB,
alternative for restoration efforts in subsided areasand the San Francisco Bay Conservation and
would require using fill to stop the oxidation ofDevelopment Commission with the involvement
organic matter in peat soils. Fill material may alsoof other agencies and stakeholder groups.
be required on islands that are used for continuing
agricultural production. One of the objectives of the LTMS is to promote

the reuse of dredged materials whenever it can be
shown that there is a need for the material and

VISION placement can be done in an environmentally
acceptable manner. Restoring tidal wetlands, li
constructing setback levees, restoring riparian

The vision for dredging and sediment disposal inareas and channel islands, and other efforts

the Bay-Delta is to maintain adequate channelneeded to restore Bay-Delta foodweb productivity

depth for navigation, flood control, and water and the abundance offish, waterfowl, and wildlife

conveyance while reducing the adverse effects ofpopulations will require .fill material. Therefore,
there is a great opportunity for linkage betweendredging activities on the Bay-Delta ecosystem.

Dredged material disposal would beERPP efforts and managing dredging in the Bay-

environmentally sound and the use of nontoxicDelta to the mutual benefit of the ecosystem and

dredged material would be promoted as a resourcethe industries dependent on safe and efficient
1for restoring tidal wetlands and other habitats,navigation in the Bay-Delta.

reversing Delta island subsidence, and improving
dikesandlevees.

LINKAGE WITH OTHER I
The ERPP supports the interagency long-term ECOSYSTEM ELEMENTS
management strategy (LTMS) for dredged
materials in the San Francisco Bay and
recommends that approximately half of theThe adverse effects of dredging and the disposal
dredged material from the Bay-Delta be used toof dredge materials can be adjusted to contribute ~llrestore habitats and strengthen levees. Because
one million cubic yards are equivalent to about

to restoring ecological health of the Bay-Delta. _
Dredge materials can be used to recreate shallow

620 acre-feet (at), approximately one square milewater habitats throughout the Delta. This will
(640 acres) 3 feet deep can be restored each year.

increase the acreage of this type of habitat andThe amount of high-potential tidal wetland
support aquatic and plant species dependent onrestoration sites within the Bay is more than
shallow water habitat.

10,000 acres.

INTEGRATION WITH OTHER IMPLEMENTATION OBJECTIVE,

RESTORATION PROGRAMS TARGETS, AND PROGRAMMATIC
ACTIONS

ERPP supports and seeks to extend the regional
approach to dredging and sediment disposalThe implementation objective for dredging and
decision making embodied in the LTMSsediment disposal is to reduce loss and
developed by the U.S. Army Corps of Engineers, degradation of aquatic habitats and vegetated

Volume 1: Ecosystem Restoration Program Plan
~AY-DELTA Vision for Dredging and Sediment Disposal

~ ~0~                                                                                          Draft: March 1998
286

C--006549
C-006549



berm islands caused by dredging activities and REFERENCES
reduce impacts of dredging activities on aquatic
resources during critical spawning and rearing
periods and in sensitive areas. Meeting thisSan Francisco Estuary Project. 1992. State of the
objective would help to protect, restore, and Estuary; a report on conditionsand problems
maintain the health of aquatic resources in and in the San Francisco/Sacramento-San Joaquin
dependent on the Delta. Delta Estuary. Prepared under Cooperative

Agreement CE-009486-02 with the
The general target for dredging and dredge Environmental Protection Agency by the
disposal is reduce the loss and degradation of Association of Bay Area Governments. 270 p.
habitat and to contribute sediments for the
recreation of shallow water habitats.

The following actions would help to achieve this
vision:

Coordinate all actions closely with federal,
State, and local agencies charged with
regulating dredging activities in the Bay-
Delta.

Reduce the amount of contaminants flowing
into the Bay-Delta and subsequently absorbed
by Bay-Delta sediments.

Identify alternative dredged material disposal
sites including upland and ocean sites, to
ensure that disposal activities are flexible and
avoid undue reliance on a small number of
sites.

¯ Maximize the reuse of dredged materials for
habitat restoration and other beneficial uses
and minimize the amount of disposed
material that is subject to resuspension and
subsequent redredging.

¯ Support continued research on sediment
transport and deposition, sediment quality and
toxicity testing, the environmental effects of
suspended sediment and contaminants, and
the beneficial reuse of dredged materials so
that dredging and sediment disposal
management will continue to improve.

I
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GRAVEL MINING

the ambient water temperature, or capture
sediment naturally moving downstream.

STRESSOR DESCRIPTION

INTRODUCTION Development throughout the Central Valley has
increased the demand for aggregate used in
construction. Records of the Department of

The natural sediment supply of Central ValleyConservation, Office of Mine Reporting and
rivers and streams is composed of mineral andReclamation Compliance, show that 1.53 million
organic fines, sands, gravel, cobble, and woodytons of aggregate were mined in Tehama and
debris (e.g., tree branches and root wads),Shasta Counties alone in 1992. County and
sediments that naturally enter, transport and erodeCalifornia Department of Fish and Game permits
through the system. Sediment is one of the naturalshow that up to four million tons could have been
building blocks of the ecosystem on which manymined in the area in 1994, although the actual
other ecological processes, functions, habitats andmined quantity may have been substantially less.
species depend. Gravel, for example, is important
for maintaining spawning habitat of salmon andWide-scale gravel extraction has damaged
steelhead and supports many invertebrates onbridges, siphons, and other river-crossing
which young fish prey. Finer sediments andstructures by aggravating degradation and
fluvial (flowing water) processes createundermining foundations. In Glenn County, for
conditions necessary to establish new riparianexample, the State Route 32 bridge over Stony
forests and wetlands. Creek has been repaired three times at a cost of

nearly $2 million. In Tehama County, the Coming
Human activities have had a significant adverseCanal siphon is being exposed as the bed
effect on natural sediment processes in the Bay-degrades, and repairs will cost several million
Delta watershed. One of the more prominentdollars. The North Main Street bridge over Dibble
adverse activities is the removal of sand andCreek in Red Bluff has been repaired several
gravel from active stream channels. Bothtimes at a cost of more than $100,000, and the
abandoned and active mining sites exist onCalifornia Department of Transportation
virtually every stream or streamside alluvial(Caltrans) is concemed about the Interstate 5
deposit throughout the ERPP study areabridge over Cottonwood Creek in Shasta County.
(Reynolds et all 1993). "

Riparian communities are affected by mining in
Sand and gravel mining is a valued commercialseveral ways. The most obvious adverse effect is
activity, but it has impaired sediment transport,the direct removal or destruction of riparian
gravel recruitment, and stream channel meandervegetation by construction of access roads, mined
processes. Instream gravel extraction damagesareas, and storage areas. Riparian vegetation can
riparian vegetation, movement of groundwater,also be lost by degradation and streambank
water quality, and fish and wildlife populations. Inundermining. In addition, degradation and
some areas, abandoned gravel pits now harborgroundwater table reductions destroy shallow-
predatory fish, serve as heat sinks that increase

~ ~
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rooted riparian forest for large areas surrounding and indirect downstream loss of gravel and
gravel mines, gravel bars.

Fish are directly affected by gravel removal.[] Typical extraction rates exceed the average
Anadromous fish use gravel for spawning, annual yield of gravel from upstream areas.
Salmon generally spawn in riffles with water This condition further halts the downstream
velocities between one and 3 feet per second at a transport of gravel and often triggers channel
depth of between 0.5 and 3 feet. Mining activities incision from the upstream and downstream
may change riffle velocity and depth or deplete migration of nick points in the bed elevation
spawning-sized gravel. The Sacramento River and as the river compensates for the loss of
many of the tributaries in the Redding area have bedload. Instream mining may cause an
been depleted of gravel from a combination of increase in the downstream sediment load
mining and lack of gravel moving downstream from fissure sediments dislodged by surface
from the area above Lake Shasta. In some places, disturbance from mining or channel
the remaining substrate is too coarse for salmon adjustment. Downstream sedimentation may
spawning; in other places, bedrock is exposed bury spawning beds in sand and silt or
over large sections of the stream, suffocate fish eggs in spawning gravels.

Channel braiding caused by uniform grading[] Instream mining of active channel bars and
during bar excavation can create conditions deep channel deposits is particularly disrup-
unsuitable for fish. Higher water temperatures are rive to the sediment budget of alluvial streams
caused by lower velocities, shallower waters, and below large dams. This is especially true
reduced vegetation cover of a braided channel, where there are no major tributaries down-
Many fish cannot survive or spawn .in higher- stream of the dam to supply another source of
than-normal temperatures. These effects may be gravel and sediment. An example of this
avoided by maintaining a narrow and deep low- condition is the lower American River, where
flow channel through a gravel mining area. instream and floodplain mining has ceased

but where the only significant source of
Instream gravel mining involves the direct gravel and sediment is from bank and channel
removal of sand, gravel, and cobble from the erosion below Nimbus Dam. Channel
channel and active floodplain of a stream, armoring has occurred where bars .in the
Instream mining degrades or eliminates river salmon .spawning reach are primarily com-
ecosystem functions, processes, and habitats in posed of cobbles that resist bed transport at
the following ways: the most common flows. The lower American

River and the lower Yuba River are also
[] Instream mining homogenizes the depleted of fine sediment on bar deposits.

geomorphology (shape) of the river channel There is little support for recruitment of
and its floodplain. Mining removes complex cottonwood seedlings and saplings because
bed forms and elevated floodplains. Channels these trees cannot germinate or survive in the
are typically widened and deepened at mining coarse substrate during summer low-flow
sites, creating an environment that stops conditions.
downstream gravel transport. Gravel
depletion can accelerate erosion and depletion .[] Mining removes riparian vegetation, instream
of several miles of downstream gravel bars. woody debris, and spawning redds. All
The river will adjust to the reduced bedload vegetative cover and fluvial landforms.must
by eroding valuable instream bar deposits, be removed to gain access to the mining site
Therefore, instream mining causes both direct and to clean and sort gravel for commercial

I
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use. These habitats may not be replaced untilgravel supply to improve fish. spawning and
instream mining ceases, floodplain habitats.

¯ Deep pit mines excavated in the channel andOpportunities to achieve the vision for gravel
active floodplain may result in "pit capture."mining include reducing or eliminating instream
Deep pit mines, such as those prevalent in thegravel extraction by relocating gravel mining
tributaries to the San Joaquin River, are oftenoperations to alluvial deposits outside active
separated by a wall of unexcavated riverstream channels and riparian zones and
alluvium. These wails are easily eroded orintroducing gravel in deficient areas in streams
overtopped by high flows. When this occurs, until natural processes are restored to a level that
the river may avulse (move suddenly) fromwill provide sufficient quantities. The Ecosystem
the natural channel into and through the pit,Restoration Program Plan (ERPP) supports
where most gravel bedload will then bechannel design or levee construction projects
captured. When high flows recede, fish will consistent with restoring floodplains to ameliorate
be trapped in the instream "lakes" that arethis problem.
formed. Juvenile salmonids trapped in these
lakes are subject to predation and high waterOne strategy to achieve this vision is to identify
temperatures, alternative sources of gravel for fishery

restoration and other uses instead of extracting
¯ Disturbance from instream mines often leadsgravel for these purposes from active stream

to the invasion of undesirable non-nativechannels.
plants. Streams with instream mining are
often sites with high rates of colonization by
invasive non-native plants, such as tamarisk, INTEGRATION WITH OTHER
eucalyptus, giant reed, and pepperweed.
These species spread through displaced stem RESTORATION PROGRAMS
and root fragments or by prolific seed
dispersal. For example, channel, grading for
levee construction and mining on StonyPrograms sponsored by other agencies that would
Creek, along with bank erosion, causes giantalso help to achieve the ERPP vision for gravel
reed plants to be transported downstream andmining and recruitment include:
into the Sacramento River corridor. Once in
the corridor, they colonize natural bars and¯ county-sponsored instream mining and
compete with native trees and shrubs. Freshly reclamation ordinances and river and stream
disturbed and exposed areas at mines also management plans, such as new gravel and
offer prime invasion sitesfor weedy, stream managementplansapprovedinButte
opportunistic plant species, and Yolo Counties;

¯ the State Department of Conservation’s

VISION reclamation planning assistance programs
under the Surface Mining and Reclamation
Act;

The vision for gravel mining is to improve gravel       [] Anadromous Fish Restoration
Programgraveltransport and cleansing by reducing the adverse replenishment programs and plans and small

effects of instream gravel mining. Achieving this
dam removal andlor fish ladder rehabilitationvision would help to maintain or restore flood,
projects (USFWS 1997);floodplain, and streamflow processes that govern
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¯ the San Joaquin River Parkway plan; and ¯ Promote alternative gravel sources. ERPP
recommends providing education and other

¯ efforts by the State Departmentof incentives to encourage counties and mining
Conservation and counties to identify companies to seek new off-channel sources of
alternative sources of commercial sand and aggregates, including high terraces outside the
gravel in reservoir deltas, floodplain terrace active floodplain, recycled concrete, crushed
deposits, old dredger mining cobble deposits, cobbles from old abandoned dredge spoils,
and hardrock sites, and deep pit mines away from river migration

corridors. New permits for these aggregate
sources can be issued in exchange for phasing

LINKAGE WITH OTHER out instream mines.

ECOSYSTEM ELEMENTS ¯ Limit the extent of disturbance at instream
mines’. If alternative sources of aggregate are
not a viable short-term solution, permits

Gravel and sand extraction activities adversely should require an undisturbed corridor of
effect several important ecological processes, riparian vegetation and natural bar deposits
habitats, and the dependent species. Ecological adjacent to existing mines. In addition,
processes include natural sediment supply and extraction rates should be limited to the
stream channel meander. Riparian and riverine estimated yield from upstream each year. This
aquatic habitat is the most common habitat that is rate will vary annually and must be verified
adversely effected by gravel mining. Many fish, by aerial topographic analysis or field surveys
wildlife, and plant species are dependent on at permanent transects.
gravel beds, sediment, and riparian corridors.
These are reduced by gravel mining. . ¯ Prevent or reduce the effects of pit capture.

Deep pits should be adequately separated
from the channel and measures should be

IMPLEMENTATION OBJECTIVE, taken to ensure that bank material and
vegetation will resist channel migration in the

TARGETS~ AND PROGRAMMATIC direction of the pits. Alternatively, permits
ACTIONS should require that inchannel pits be filled

with overburden to the elevation of the
charinelbed.

The implementation objective is to reduce the
adverse effects of instream gravel mining to
improve gravel recruitment, cleansing, and REFERENCES
transport processes, contribute to natural stream
sediment supply, and improve other stream
channel processes. DWR 1994. Use of alternative gravel sources for

fishery restoration and riparian habitat
The general target for gravel mining is work with enhancement, Shasta and Tehama counties,
local counties and the aggregate resource industry Califomia. Department of Water Resources,
to relocate gravel extraction operations to areas Northern District. August 1994. 191 p.
outside the active stream channel.

Resources Agency. 1989. Upper Sacramento
Three actions to reducing the adverse effects of River Fisheries and Riparian Habitat
gravel mining include the following: Management Plan. The Resources Agency.

January 1989. 159 p.
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Reynolds, F.L., T.J. Mills, R. Benthin, and A.
Low. 1993. Restoring Central Valley Streams:
A Plan for Action. California Department of
Fish and Game. 189 p.

USFWS 1997. Revised draft anadromous fish
restoration plan: a plan to increase the natural
production ofanadromous fish in the Central
Valley of California. U. S. Fish and Wildlife
Service, May 30, 1997. 112 p.
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INVASIVE AQUATIC PLANTS

STRESSOR DESCRIPTION

Lacking the controls found in their native habitat
(e.g., specific insects for which they are a food
source or toxins produced by competing plants),
these plants can flourish in a new landscape,
gaining a competitive advantage over the native
species. Many weeds have evolved characteristics
that make them extraordinarily competitive in
both natural and introduced environments, such as
high seed production; mechanisms for effective
seed dispersal; rapid growth rate; and adaptability
to extremes in temperature, nutrients, and water
availability.

INTRODUCTION A species is considered a weed problem because
of its ability to adversely affect natural commun-
ities or human land use requirements. Introduced

Weeds, or invasive plant species, are types ofor native aquatic plant species are considered
vegetation capable of exploiting opportunitiesharmful when they reduce the biological diversity
afforded by natural or human-related disturbancesof existing natural communities by displacing
in the landscape,_ as well as those provided bynative species or altering ecosystem processes
relatively undisturbed habitats. Although not allsuch as nutrient cycling, hydrologic conditions, or
weeds are non-native, most have been introducedwater chemistry. They create problems for human
from other parts of the world, society when they impair agricultural or aqua-

cultural productivity, constrict waterways, dimin-
Invasive aquatic plants have become sufficientlyish recreation and aesthetic values, or destroy
established in some locations to threaten thestructures.
health of the Bay-Delta ecosystem. The aquatic
plants that pose the greatest threats to aquaticMost aquatic weeds were introduced to California
ecosystems are those that directly or indirectlywaterways unintentionally. They were brought in

rare species, as pond (e,g., water hyacinth)affect native decreasefoodweb ornamentals and
productivity, and reduce populations of desiredaquarium plants (e.g., hydrilla), or through
fish and wildlife species, dispersal by boats. Aquatic weeds have been here

for at least 100 water hyacinth wasyears;
Factors that relate to the degree of influencediscovered in a Yolo County slough in 1904.
invasive aquatic plants have on the Bay-DeltaHydrilla, which was probably introduced through
includ_e additional introductions from ship ballastits use as an aquarium plant, has been in
and other sources and local water quality andCalifornia for at least 20 years. Egeria, still a
hydrologic conditionsthat favor . their popular aquarium plant, has been in the ecosystem
establishment, for over 30 years.
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Most aquatic weeds pose a threat to the aquaticties, and are extremely dangerous because of their
foodweb and rare aquatic or riparian speciesability to displace native plant species, harm fish
because they form dense mats that block sunlightand wildlife, reduce foodweb productivity, or
or deplete oxygen supplies. The sheer mass ofinterfere with water conveyance and flood control
floating tissue can also impede navigation andsystems.
damage water control structures. Establishment of
invasive aquatic plants can harm or kill rare andEgeria (Egeria densa; syn: Elodea densa): A
valued fish, native plants, and other aquaticnative, of South America, egeria is a popular
organisms; reduce biodiversity; impede navi-aquarium plant, which most likely accounts for its
gation; damage water control structures; andintroduction into California waterways. It is a
increase mosquito habitat, submerged, rooted perennial that occupies the

same littoral zone niche in slow-moving water as
Many stream and river channels in the Delta andnative pondweeds, thereby potentially excluding
the Sacramento and San Joaquin Rivers and theirthe pondweeds and reducing the habitat value for
tributaries have been channelized, confined bywaterfowl that eat pondweeds. Egeria creates a
levees, impounded, and otherwise altered fromstructure having much more branching than
their shapes of 150 years ago. With thepondweeds. It forms dense mats that block
conversion of adjacent riparian communities tosunlight and reduce the amount of open water,
other larid uses, the ecosystem processes andleading to increased accretion of organic material
functions have changed substantially. Theseand increased sedimentation. The dense mat
changes stress native aquatic flora and fauna,structures may impede diving waterfowl from
leading to changes in species composition andforaging, and the increased sedimentation may
population densities, and perhaps making thealter the population of benthic species and their
aquatic foodweb more vulnerable to furtherpredators.
stressors.

Egeria has been in the Delta for perhaps 30 years
Most weeds that infest the Delta and theor more but probably was not a major problem
Sacramento and San Joaquin Rivers and theiruntil the past 12 years, coinciding with the water 1
tributaries are problems in specific locations, nothyacinth control program. Removing water
throughout these waterways; however, locationshyacinth from waterways and a 6-year drought
of aquatic weeds have not been comprehensivelymay have contributed to the expansion of
mapped. The California Department of Food andcoverage by egeria (Anderson pers. comm.).
Agriculture’s Integrated Pest Control Branch
records locations where aquatic weeds, such asEgeria currently infests approximately 3,000
hydrilla, pose a threat to agriculture. Locations ofacres, primarily in the Delta. The success of this
weeds that threaten natural areas are not recorded,infestation in the Delta is indicative of the greater
Comprehensive mapping throughout the ERPPsuccess that hydrilla would have if it were not
study area is needed for all weeds that threaten.prevented from establishing there. Hydrilla,
aquatic habitat as a first step to monitoring andunlike egeria, has long-lived rhizomes, making it
controlling infestations, much more difficult to control. Egeria is listed as

a "B"-rated noxious weed by the California
Some non-native aquatic weeds that pose the mostDepartment of Food and Agriculture’s Noxious
serious threats and need further research,Weed Program. This designation does not
monitoring and mapping, or control are egeria,mandate its control and, because the species is so
hydrilla, water hyacinth, water pennywort,widespread, little attention has been paid to
eurasian watermilfoil and parrot feather. Each ofcontrolling it. Now that growing populations are
these is described below. These weeds flourish inincreasingly obstructing water conveyance |
a wide geographic area, sometimes in high densi-structures and natural wetlands, the California
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Department of Boating and Waterways is givenIt grows rapidly in the summer, floating and
$500,000 per year to control egeria along withspreading by means of buoyant stolons and seed.

I water hyacinth (Anderson pers. comm.)~Water hyacinth was introduced to the United
Returning native pondweeds to an egeria-infestedStates in 1884 when it was given to visitors as
site would probably require active restorationsouvenirs at the Cotton States Exposition. Water
once the egeria is removed, hyacinth was first reported in California in a Yolo

County slough in 1904. Today, it is a serious pest
Hydrilla (Hydrilla verticillata): A submergedin the Delta, the Sacramento and San Joaquin

i perennial,, hydrilla was introduced to NorthRivers, and many sloughs and tributaries, where
American waterways sometime after 1956 it clogs waterways, obstructs commercial and
through its use as an aquarium plant. It has sincerecreational navigation, and impedes water
spread throughout the country, infestingconveyance.
water~ays, irrigation canals, lakes, and ponds. It
can completely fill and clog waterways,.Water hyacinth is also a serious problem for the
restricting flow, increasing sedimentation, andpumping and fish-screening facilities in the south

and water Like ~ Delta. Forming dense the waterhinderingnavigation public use. a coverover
egeria, hydrilla forms dense mats that block light,surface, it blocks sunlight, reduces water flow,
deplete oxygen, and increase sedimentation anddepletes oxygen, and inhibits gaseous interchange
organic deposition. In slow-moving water andwith the air, all of which harm other aquatic
oxbows, hydrilla can deplete oxygen andorganisms. Water hyacinthincreases mosquito
resources to the point of causing fish kills. Unlikehabitat by providing larval breeding sites where
egeria, however, hydrilla forms rhizomes that livemosquito predators cannot reach. In backwater
5-7 years and from which new plants can grow.areas, dense concentrations of water hyacinth can
Because of the persistence of rhizome viability,increase fish mortality. It also increases sedimen-

I hydrilla will be much more difficult to removeration and the accretion of organic matter. Water
from the Delta, if it establishes there, than egeria,hyacinth reportedly competes with Mason’s

lilaeopsis (Lilaeopsis masonii), an endangered
Hydrilla is an "A"-rated weed in the Californiafreshwater emergent plant native to California
Department of Food and Agriculture’s Noxious (Van Ways pers. comm.).
Weed Pro, gram. This designation means that the
plant poses a serious problem to agriculture butIn 1982, the California Department of Boating
may be contained through control efforts. Sinceand Waterways formed a task force to begin
1976, when it was first noticed, the Californiacontrolling water hyacinth, testing different

I Department of Food and Agriculture has spentmechanical and herbicidal control methods. In
$20 million to eradicate hydrilla (California1996, the department ~spent $900,000 to treat
Exotic Pest Plant Council Biocontrol Committee1,750 acres of water hyacinth, mostly in the

I 1995). Hydrilla has been found in 17 counties incentral and southem Delta (Van Ways pers.
California and has been eradicated from ninecomm.). Some control efforts involve aerial
counties. Thus far, it has been prevented fromspraying of herbicides, but in many areas

i establishing in the Delta. An example of itsherbicides must be applied from boats. Since
invasiveness can be seen in Clear Lake inwater hyacinth control began, egeriapopulations
northern California, where it now covers abouthave expanded. Egeria clogs boat propellers

i 650 acres of the lake’s 43,000-acre surface area.quickly and has made continued control of water
hyacinth much more difficult. As a result, the

Water hyacinth (Eichhornia crassipes): A department has now been given approval and

i floating perennial, water hyacinth is native tofunding to control both egeria and water hyacinth.
South America. It infests streams, ponds,
backwater areas, ditches, sloughs, and waterways.

I
~ ~
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Water pennywort (Hydrocotyle umbellata): A VISION
perennial native plant, water pennywort grows
along streambanks and in ponds, canals, and
marshy areas. It forms stems that float and creepThe vision for invasive aquatic plants is to reduce
along wet soil. Although it takes root, plants alsotheir adverse effects on native species and ecolog-
break offand form dense, floating rafts that drift,ical processes, water quality and conveyance
These rafts can cause some of the same problemssystems, and major rivers and their tributaries.
seen with water hyacinth. Since water hyacinth
has been controlled, the pennywort population hasActive management of Delta streams and rivers is
increased and become a weed problem in somenecessary to reduce the surface area of channels
areas. (Anderson pers. comm.), and sloughs in the Delta that are covered by water

Eurasian watermilfoil (Myriophyllum spicatum)
hyacinth and other invasive aquatic plant species.
To effectively control aquatic weeds, existing

and parrotfeather (Myriophyllum aquaticum): programs will need to be expanded and funded or
Both Eurasian watermilfoil and parrot-feather arenew programs created. Currently, locations for
submerged perennials. Eurasian watermilfoil, ashydrilla and noxious weeds that pose a threat to
its name suggests, is native to Eurasia;agriculture are reported as part of the California
parrotfeather is native to South America.Department of Food and Agriculture’s Integrated
Parrotfeather is sold in nurseries for aquariumsPest Control Program; however, weeds posing a
and backyard ponds. Eurasian milfoil is muchthreat to natural habitats are not mapped. An
more abundant statewide than parrotfeather;improved mapping and monitoring program that
however, no comprehensive surveys haveefficiently maps and monitors all targeted weeds
measured the extent of these two weeds. Becausewill aid in their control, especially for rapidly
Eurasian milfoil has not created a specificspreading species. Such a program will also help
problem for agriculture, it has not been targetedto assess changes in the population levels and the
for control. An example of a Eurasian milfoileffectiveness of control programs. Expanding
infestation is in Lake Tahoe, where it covers aboutCalifornia’s noxious weed program to include
200 surface acres, mostly in the marina area.weeds that pose a threat to native species or
Parrotfeather is found in seasonally wet streams,habitats would also aid in building an effective
small lakes, and flood control channels. Anlong-term aquatic weed control program.
example of its infestation is found in Parks Lake
on Beale Air Force Base. To facilitate 6ffective control programs for these

species, all groups involved must coordinate with
Like hydrilla and egeria, both of these plantsone another to control and restore habitat in Delta
occupy areas where native pondweeds wouldwaterways. A coordinated approach to eliminate
grow. Eurasian milfoil grows mostly submerged,all damaging weeds, rather than only selected
whereas parrotfeather extends above the water,weed species, can reduce instances where one
The growth form of parrotfeather results inweed infestation replaces another, as exemplifiedsubstantial increases in mosquito habitat,

by the increases in egeria and pennywortAlthough both plants may present problems, they
populations following efforts to control watercan be beneficial to aquatic habitat as well.hyacinth. In addition, regulatory agencies and

Parrotfeather is thought to provide cover forthose obligated to implement control programs
aquatic organisms, and Eurasian milfoil stems andmust coordinate their efforts to plan and
fruits are eaten by waterfowl (Westerdahl and

implement those programs that are appropriate toGetsinger 1988). meet the specific needs of each site. Because the
ecological, recreational, water quality, water
conveyance, and commercial needs vary at each

|
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site, a general control strategy or regulatory policythat threaten agricultural or managed areas, but
is not possible. The specific needs of a site mustthose affecting natural areas as well. This
be assessed and the costs and risks of differentprogram will use a risk assessment to identify
control strategies must be compared to determineweeds federally listed as noxious. Among other
the most appropriate strategy for each site. As aaspects of the new policy, APHIS will have a
result, some sites will require more restrictiveregulatory role, detecting, assessing, and contain-
strategies than others, ing incipient infestations. The policy states that

APHIS will act in a federal coordination role to
facilitate communication and cooperation among

INTEGRATION WITH OTHER public agenciesrelevant andothers(Westbrooks
1995).

RESTORATION PROGRAMS
The second new approach was formed through a
Memorandum of Understanding (MOU) signed in

The California Department of Food and 1994 by 17 land-holding federal agencies. The
Agriculture’s Integrated Pest Control BranchFederal Interagency Committee for Management
tracks and controls federally listed noxious weedsof Noxious and Exotic Weeds was formed, under
throughout the State. These are weeds that havethe MOU, to enable the signing agencies to
an impact on agriculture, although most of thecooperatively manage noxious and non-native
current infestations are restricted to naturalandweeds on federal lands and to provide technical
uncultivated areas. Listed weeds are given a letterassistance on private land to achieve sustainable,
designation; "A" weeds are tracked and targetedhealthy ecosystems that meet the needs of the
for control or eradication Wherever they aresociety(Jackson 1995).
found; "B" weeds are considered too widespread
to require mandated control of them, and theMany other organizations have weed issues in the
decision to control them is left to the countyDelta, all with different roles, interests, and
agricultural commissioners; "C" weeds are soexpertise. Implementing the ERPP vision requires
widespread that the agency does not endorsea coordinated effort among these groups to
State- or county-funded eradication or control develop and implement weed management
efforts except in nurseries and seed lots. programs and strategies that will help meet

ERPP’s goals for the various resources and
Of the weeds described in this vision statement,ecological zones.
only hydrilla is listed as a noxious weed. With
funding, the Califomia Department of Food and̄ The U.S. Department of Agriculture
Agriculture’s Integrated Pest Control Branch Agricultural Research Service Aquatic Weed
could be expanded to include weeds that Control Research Laboratory in the
adversely affect natural areas and their existing Department of Vegetable Crops at the
infrastructure and the expertise of that branch University of California at Davis conducts
could be used to track, map, and control weeds ongoing research on aquatic weed control.
that pose problems in natural areas.

¯ Califomia Weed Science Society is a 50-The
Two recently announced programs or policy year-old organization serving the weed
changes, may have a beneficial effect on the vision science community.
for invasive non-native andcontrolling aquatic
riparian weeds. The first is a new weed policȳ The California Exotic Pest Plant Council is a
developed by the U.S. Department of nonprofit organization that focuses on issues
Agriculture’s Animal and Plant Health Inspection regarding non-native and their controlpests
Service (APHIS) that regulates not only weeds and educates the public on these issues.
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[] The U.S. Environmental Protection Agency, LINKAGE WITH OTHER
U.S. Fish and Wildlife Service, U.S. Bureau
of Reclamation, Califomia Department of ECOSYSTEM ELEMENTS
Fish and Game, State Water Resources
Control Board, Central Valley Regional
Water Quality Control Board, California Invasive aquatic plants adversely influence other
.Department of Food and Agriculture, and ecosystem elements including ecological
California Department of Health Services processes, habitats, and species. For example,
have regulatory or programmatic roles introduced species have outcompeted and
pertaining to aquatic weed control in thedisplaced many native species. The proliferation
Delta and the Sacramento and San Joaquinof exotic’ plants has impaired the proper
Rivers and their tributaries, functioning offish protective devices such as fish

screens and fish louvers in the Delta.
In addition to these, several public and private
groups deal directly or indirectly with aquatic
weeds in the Delta. Among them are: IMPLEMENTATION OBJECTIVE~

[] California Native Plant Society,’ TARGETS~ AND PROGRAMMATIC

ACTIONS
[] The Nature Conservancy,

¯ the State and national parks systems, countyThe implementation objective for invasive aquatic
and local parks departments, plants is to reduce the adverse effects of these

species on native plants to increase and maintain
[] Animal and Plant Health Inspection Service, the productivity of the aquatic foodweb, preserve

suitable fish habitat structure, and provide quality
[] U.S. Army Corps of Engineers, habitat conditions for native submergent and

[] U.S. National Resources Conservation
emergent plants.

Services, A comprehensive strategy to reduce invasive
aquatic plants and their adverse effects on the

[] Center for Natural Lands Management, Bay-Delta ecosystem would include the following
items.

[] resource conservation districts, mosquito
abatement districts, flood control districts, [] Assess aquatic weeds for their level of threat,

their extent, and their potential to be
[] California Association of Nurserymen, controlled in the long run.

[] local landtrusts, [] Assess potential weed control sites to
determine how effective Control efforts will

[] and private landowners, be in improving habitat quality, the longevity
of results, and the sites’ likelihood of
providing the types of habitats and habitat
characteristics proposed for restoration.

[] Develop and implement management plans
to achieve specific targets for each weed and
site.
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m Implement habitat restoration (e.g., plantingJackson, N. 1995. Update: Federal Interagency
native pondweeds and other desirable aquatic Committee for Management of Noxious and
and emergent wetland plants) concurrent with Exotic Weeds (FICMNEW). Abstracts of the
or following implementation of control California Exotic Pest Plant Symposium ’95.
measures, where appropriate. Cal EPPC News. California Exotic Pest Plant

Council.
¯ Eradicate water hyacinth from major

tributaries and marinas, locks, importantWestbrooks, R. G. 1995. Federal regulatory
wetland areas, and wildlife refuges in the efforts to minimize the introduction and
Sacramento-San Joaquin Delta Ecological impacts of exotic pest plants in the United
Zone. States. Abstracts of the California Exotic Pest

Plant Symposium ’95. Cal EPPC News.
¯ Elsewhere, reduce the biomass of infested California Exotic Pest Plant Council.

acreage to a lower maintenance level than of
the present summer cover. This goal wouldWesterdahl, H. E., and K. D. Getsinger (eds.).
be approached beginning in the tributaries 1988. Aquatic plant identification and
entering the Delta, and aiming for total herbicide use guide. Volume II: Aquatic
eradication there; then water hyacinth will be plants and susceptibility to herbicides.
contained maintenance levels in November. U.S.at upstream (TechnicalReportA-88-9.)
locations. Army Corps of Engineers. Washington, DC~

¯ Provide technical expertise, serve as a
clearinghouse for regional information and PERSONAL COMMUNICATIONS
project results, and assist with
implementation of high-priority local projects
in specific ecological units or zones toAnderson, Lars. Research leader. U.S.
incl-ease the effectiveness of existing public Department of Agriculture - Agricultural
and private programs to reduce the threat of Research Service Weed ControlAquatic
invasive species. Research Laboratory, Department of

Vegetable Crops, University of California,
Davis, Davis, CA. February 2, 1997 -

REFERENCES telephone conversation.

Van Ways, Valerie. Supervisor. Aquatic Weed
California Exotic Pest Plant Council Biocontrol Program, California Department of Boating

Committee. 1995. Biological control of and Waterways. October 3, 1996 - telephone.
invasive exotic pest plant species - a report on conversation.
the importance of maintaining and enhancing
our nation’s biological control capabilities.
Cal EPPC News. California Exotic Pest Plant
Council.
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INVASIVE AQUATIC ORGANISMS I

clog drainage pipes, tunnel into levees, or ,compete with or prey on valuable native species.
Northern Pike ’ . ’ .~ Many non-native species, however, perform vital .

ecological functions such as serving as primary
consumers of organic matter, or as a food source

-
~~

for Bay-Delta fish, shorebird, waterfowl, and
I~. other wildlife populations. Many non-native

Asian Clams          species have invaded the Bay-Delta successfully
by filling new habitat niches that previously did
not exist. Restoration of natural habitats withg
more natural flow regimes and hydraulic

INTRODUCTION conditions throughout the Bay-Delta will
hopefully favor native species. Continued study of
the effects of non-native species on the abundance

Most of the clams, worms and other bottom-
and distribution of native species and on the rest

dwelling invertebrates presently inhabiting theof the Bay-Delta ecosystem will be part of the

Bay-Delta are introduced from other estuaries,adaptive management program guiding these
restoration efforts.

Non-native species also make up an increasing
proportion of the zooplankton and fish
communities of the Bay-Delta. It is estimated that
a new non-native species is identified in the Bay- STRESSOR DESCRIPTION
Delta every 15 weeks. 1
Many species were transported on the hulls ofInvasive aquatic organisms are those non-native
ships or in ship ballast water. Others arrived withfish and invertebrates that have invaded the Bay-
the Atlantic or Japanese oysters purposelyDelta at the expense of native species. Non-native
introduced into the estuary earlier in this century,aquatic invertebrates of the Bay-Delta include a
Many fish, including striped bass, American shad,wide variety of sponges, coelenterates, worms,
and largemouth bass, were introduced by federalmolluscs, and crustaceans. Most are bottom-
and State resource agencies to provide sportdwelling organisms as adults, but some planktonic
fishing or forage fish to feed sport fish. Others,forms have also become well established,
such as the northern pike, in a western Sierraespecially in the last few years. Most were
reservoir, were purposely and illegally introduced,introduced accidentally from the hulls of ships

passing through or abandoned or sunk in the Bay-
Whether accidental or intentional, theDelta, from the release of ship ballast water, and
introductions of these organisms have greatlyfrom oysters (which usually contain dozens of
increased the species diversity of the Bay-Deltanestling, symbiotic and parasitic invertebrates) 1
aquatic community. However, this increase inbrought in from Japan and the Atlantic coast for
diversity has occurred at the expense of nativeaquacultural purposes.
species, some of which have declined
precipitously or even become extinct because ofThe first recorded introduced species, the Atlantic
predation and competition from non-natives,barnacle (Balanus irnprovisus) was observed in
Some introduced species are nuisances because1853, the single busiest year of clipper ship
they attach to boat hulls, bore into dock pilings,landings of the Gold Rush era. Since then, many
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species of non-native fish and invertebrates haveas an important food source for white sturgeon
been introduced into the estuary. The success of(Peterson 1997).
these introduced species is due in part to the
comparatively small number of native speciesThe zebra mussel, Dreissenapolymorpha, another
thought to have been present duringaboriginalclam-like species many believe will soon invade
times and in part to environmental modifications. the Bay-Delta, poses a similar ominous threat.
to which non-nativespecies wereoften
preadapted. The Asian clams came on the heels of another

clam invasion. Corbicula manillensis was also
The relatively low native-species diversity isintroduced from Asia. It was first described in the
thought to be a result of the relatively young ageDelta in 1946. This clam does not tolerate saline
of the Bay-Delta estuary and its isolation fromwaters. It is now very abundant in freshwater
other Pacific Coast estuarine systems (Carltonportions of the Delta and in the lower mainstem
1979). Important environmental changes that mostrivers adjacent to the Delta.
likely decreased native species’ ability to compete
with non-native species include changes in Bay-Another relatively new arrival to the Bay-Delta is
Delta morphometry, vegetation, hydraulics, andanother species from the Orient, the Chinese
the amount and timing of Delta outflow, mitten crab (Eriocheir sinensis). This crab spends

most of its life in fresh water and migrates
It is not clear to what extent the decline indownstream to spawn in salt water. Mitten crabs
abundance of some native species is a result ofwere first captured in south-Bay shrimp trawls in
environmental changes or to interactions with1993. Their’ distribution and abundance have
non-native species. It is known, however, thatincreased every year since then (Hieb 1997).
non-native species now figure prominently in theAlthough these crabs may have an adverse effect
diets of fish species, shorebird and invertebrate-on the red swamp crayfish (another non-native
eating waterfowl, and other wildlife species. Most species), its greatest potential negative impact on
non-native fish and invertebrates perform a vitalthe Bay-Delta may be its effect on levees. Mitten
role in the Bay-Delta foodweb. Certain species,crabs dig burrows in clay-rich soils where banks
howe~,er, have become so abundant in some areasare steep and lined with vegetation. These
or have been shown to exert a negative effect onburrows accelerate bank erosion and slumping
ecosystem health or economics in other areas thatand, over time, may pose a serious threat to Delta
their mere presence in the Bay-Delta is a source oflevee integrity. The crabs also interfere with bay
considerable concern, shrimp fishing by fouling nets.

The Asian clam, Potamocorbula amurensis, was Introduced zooplankton species have become
first observed in 1986 and has since becomeimportant elements oftheBay-Delta. Eurytemora
extremely abundant in the Bay and western Delta.affinis was probably introduced with striped bass
This species is well adapted to the Bay-Deltaaround 1880. Until recently, it was a dominant
saltwater conditions and exerts a heavy grazingcalanoid copepod of the entrapment zone. In the
loss on phytoplankton and zooplankton in thelast decade, however, Eurytemora has been
Bay. Precisely how the Asian clam is affectingreplaced by two calanoid copepods introduced
other benthic invertebrates, the zooplanktonfrom China. This replacement was a result, in
abundance and composition, or the larval andpart, of Eurytemora’s greater vulnerability to
young fish health is still not well understood, butAsian Clam grazing.
is thought to be generally detrimental. This is
especially true for native species. On the positiveThe native mysid shrimp, Neomysis mercedis,
side, Asian clams may contribute to the foodwebbegan dwindling in abundance in the late 1970s

primarily as a result of the declining trophic status
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of the Bay-Delta. Its population decline was alsoThe only practical way to minimize the spread of
affected by competition with Acanthomysis non-native species and promote the growth of
aspera, an introduced mysid shrimp of somewhatnative species is to restore the habitats to more
smaller size but similar feeding habits, natural conditions. Restoring more natural, native

aquatic communities should promote greater
Although many non-native fish species have beenecosystem stability by reducing the likelihood of
introduced to the Bay-Delta over the past century, catastrophic reductions in abundance of native
only a few have been considered invasive andorganisms resulting from changes in
requiring control. The most recent example is theenvironmental conditions.
northern pike introduced into Davis Lake, a State
Water Project reservoir on the Feather River. Two
unconfirmed sightings of northern pike occurred INTEGRATION WITH OTHER
in the Delta in early 1997. Northern pike are noted
predators and could, if allowed to establish RESTORATION I~ROGRAMS
themselves, pose a significant threat to native
fishes, such as chinook salmon, steelhead, and
delta smelt. White bass were a similar threat in theEfforts to restore the natural environmental
1980s; however, a concerted effort ensured theyconditions, trophic status and native invertebrate
did not move from isolated southern San Joaquincommunity of the Bay-Delta will involve the
Valley reservoirs into the San Joaquin River. cooperation and support of established programs

underway to restore habitat and fish populations
in the basin.

VISION
¯ Restoration of the plankton food supply of

native fishes is a primary focus of the
Recovery Plan for the Sacramento/San

The vision for invasive aquatic organisms is to Joaquin Delta Native Fishes (U.S. Fish and
reduce their adverse effects on the foodweb and WildlifeService1995).on native species resulting from competition for
food and habitat and direct predation. This vision¯ The Central Valley Project Improvement Actcan be accomplished through enforcement of (CVPIA) calls for the doubling of the
Federal laws regulating ballast water dumping and

anadromous fish populations (includingother measures designed to reduce the number of
striped bass, salmon, steelhead, sturgeon, andnew, potentially harmful species introduced American shad) by 2002, through changes in

accidentally into the Bay-Delta estuary. Habitat
flows and project facilities and operations.changes or direct control measures may reduce
This program involves actions that maytheir effects in specific cases,
directly or indirectly benefit native
invertebrates of the Bay-Delta foodweb.The introduction of non-native species to the Bay-

Delta has been a mixed blessing. Most havē
The Califomia Department ofFish and Game

successfully integrated into the Bay-Delta aquatic is required under State legislation (The
community. Others, however, have hastened the Salmon, Steelhead Trout, and Anadromousextinction or greatly reduced the abundance of

Fisheries Program Act of 1988) to restore
nativespeciesor have becomean economic numbers of anadromous fish in the Central
nuisance. Once established, non-native species Valley. Actions include restoring the food
cannot be effectively removed by harvesting or
poisoning, except perhaps in small localized

supply of anadromous fish.

areas.
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I ¯ Efforts will be coordinated by the State Water Maritime Organization’s Guidelines will reduce
Resources Control Board and Regional Water the number of accidental introductions from ship
Quality Control Boards to reduce the amount ballast water.
of toxic substances released into Central
Valley waterways, which should help reduce
stresses on the native and non-native REFERENCES
invertebrate species.

Carlton, J. T. 1979. Introduced invertebrates of
LINKAGE WITH OTHER San Francisco Bay. In: San Francisco Bay:
ECOSYSTEM ELEMENTS The Urbanized Estuary, T. J. Conomos (ed.).

Pacific Division, American Association for
the Advancement of Science. San Francisco,
CA.Invasive aquatic organisms adversely influence

other ecosystem ~elements including ecological
processes, habitats, and species. For example,Hieb, K. 1997. Chinese mitten crabs in the Delta.

In Vol. 10, No. 1. of Newsletter of theintroduced species have outcompeted and
displaced many native species. The proliferation Interagency Ecological Program for the

of these exotic organisms has altered the Bay- Sacramento-San Joaquin Estuary. California

Delta foodweb. Department of Water Resources, Sacramento,
CA.

Peterson, H. 1997. Clam-stuffed sturgeon. In Vol.
IMPLEMENTATION OBJECTIVEs. 10, No. 1. of Newsletter of the Interagency

TARGETS~ AND PROGRAMMATIC Ecological Program for the Sacramento-San
Joaquin Estuary. California Department of

ACTIONS                          Water Resources, Sacramento, CA.

U.S. Fish and Wildlife Service. 1996. Recovery
The implementation objective for invasive non- Plan for the Sacramento-San Joaquin Delta
native aquatic invertebrates is to reduce Native fishes. U.S. Fish and Wildlife Service.
introductions of non-native species in order to Portland; OR.
protect and provide sustainable populations of
native species.

The general target for invasive aquatic organisms
is control and reduce the incidence of
introductions and to implement control programs
or eradicate exotic species where possible.

Actions that would help achieve this vision
include more stringent enforcement of current
policies regarding the introduction of non-native
species. These policies seek to prevent the
introduction of known noxious species and
minimize the introduction of all other species. In
addition to prohibiting intentional introductions,
enforcing existing laws such as International

~.. ~
Volume I: Ecosystem Restoration Program Plan

.-~ I~Y-~I~7;^ Vision for Invasive Aquatic Organisms
~ PllO~r,~ Draft: March 1998

303

C--006566
C-006566



I
I

INVASIVE RIPARIAN AND SALT MARSH PLANTS

been introduced from other parts of the world. In I

the absence of the natural biological controls
found in their native habitats, such as herbivory I
by specific insects, weeds can flourish with fewer
constraints in a new landscape, quickly gaining a
competitive advantage over the native species. I
Many weeds have also evolved characteristics that
make them extraordinarily competitive in both
native and non-native environments. These
specialized traits may include high seed
production, both sexual and asexual reproduction,
several methods of dispersal, a fast growth rate, 1
and tolerance of a wide range of environmental
conditions such as extremes in temperature,
nutrients, and water availability.

1

INTRODUCTION A plant species becomes a weed problem when it
adversely affects natural communities or land            ¯
uses. Whether non-native or native, plant species
are considered harmful when they reduce the

Invasive riparian and salt marsh plants have
become sufficiently established in some locationsbiological diversity of existing natural

communities by displacing native species or ¯to threaten the health of the Bay-Delta ecosystem.
The riparian and salt marsh plants that pose the

altering ecosystem processes such as nutrient
cycling, hydrologic conditions, or the frequencygreatest threats to aquatic ecosystems are those that

I
directly or indirectly affect rare native species,

of fires. They are problems to human society

decrease foodweb productivity, and reducewhen they impair agricultural productivity,

populations of desired fish and wildlife species,
present fire hazards, constrict waterways,
diminish recreation and aesthetic value, or destroy ¯
structures.

Factors that relate to the degree of influence
invasive riparian and salt marsh plants have on the 1Bay-Delta include additional introductions fromSince the first non-native settlers, weeds have

gardens and other sources, and ground disturbances
been introduced to California and many have
become established. There were at least 16 non-

and hydrologic regimes that create favorable                                                           ¯native plant species established by 1869, 292 byconditions for their establishment. 1925, 797 by 1968, and 1,023 by 1993 (Barbour et
al. 1993). Undoubtedly, non-native species
introductions will continue, and correspondingly,

ISTRESSOR DESCRIPTION add pressure on the native plant communities and
the wildlife that depend on them.

Weeds, or invasive plant species, are organismsMore than 90% of the State’s historic riparian I
capable of invading relatively undisturbed habitatshabitat has been lost, primarily as a consequence
and exploiting opportunities provided by natural orof land being converted for agricultural uses 1
human-related disturbances in the landscape.(Barbour et al. 1993). What remains continues to
Although not all weeds are non-native, most havebe threatened, not only by further habitat conver-
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sions, but also by weeds. It is particularly import-Most Central Valley and Delta riparian
ant for the many endangered and threatenedcommunities are confined to lower floodplain and
species that weeds are controlled, particularly forriver channel areas, compared to a much wider
birds and fish that depend on native riparian plantdistribution over vast floodplains 150 years ago.
communities. With the conversion of riparian communities to

other land uses, broad outer bands of riparian
Many riparian infestations are from species, suchvegetation were lost or their extent greatly
as Pampas grass, that spread from gardens. Othersdiminished, like those dominated by sycamores.
were planted .intentionally along engineered or
altered waterways for erosion control or in theToday, most watercourses are confined to
belief that native vegetation would be too vigorousnarrower channels with little room for changing
and would clog waterways (Dawson 1984). Weedpatterns of braiding and migration. Inundation
infesta,.ions in riparian and salt marsh systems areand sedimentation rates are altered from historical
magnified by both alterations to the landscape andtimes in river channels and are substantially
current land use patterns. Clearing land allowsreduced in floodplain areas. In the. Delta,
weeds that thrive in disturbed such sedimentation is.also altered with the erosion ofareas, as

ailanthus, to invade bare areas and move intoislands.
established forests. Overgrazing in riparian areas
can diminish recruitment of new native trees andHabitat losses or alterations have resulted in a
shrubs directly and indirectly by contributing to thepattern of habitat fragmentation. Riparian
establishment of a dense understory of non-nativecommunities are often disconnected patches along
vegetation that hinders native seedlingriver channels, and salt marshes are either newly
establishment. Some orchards may be a source ofdeveloped from sediment deposition or smaller
riparian weed infestations, as may have happenedpatches of formerly great expanses. The
with the establishment of Califomia black walnut,alteration of ecosystem processes like .
used as rootstock in English walnut orchards, sedimentation, nutrient flow, fire, and hydrologic

conditions, along with reduction in cover and
Urban development adjacent to riparian areas cannative plant community diversity, has resulted in
lead to infestations by ornamental garden plantsdegraded riparian or salt marsh habitat conditions.
such as German ivy, arundo or giant reed, elm,The riparian or salt marsh community is then
black locust, and edible fig. Increases in summervulnerable to invasions by non-native species that
ground and surface water from irrigation can harmare better adapted to the altered conditions than
some riparian vegetation, altering the speciesthe native vegetation.
composition. It can create conditions leading to a
higher rate of invasion by urban area weeds such asSpecies such as arundo and tamarisk are able to
Bermuda grass that can compete with nativequickly exploit disturbed riparian sites.. They, in
seedlings, thus affecting forest regeneration. Leftturn, alter the ecosystem processes further,
alone, many weeds can take over part or all of thechanging the frequency of fires, increasing shade
established riparian or salt marsh communities,and sediment capture, armoring the streambed and
displacing the native vegetation and becoming thebanks, alt_ering soil salinity (tamarisk), and
new climax successional species. Examplesmodifying the hydrologic patterns. The native
include arundo and tamarisk. Both werespecies are not adapted to the new ecosystem
intentionally introduced and now are widespread. processes, and the introduced weeds dominate the
weeds that have displaced extensive areas of nativesuccessional community.
riparian vegetation throughout the western United
States. Weeds that pose the greatest threats to riparian

and salt marsh areas are those that outcompete
and exclude native vegetation and diminish
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habitat value to wildlife and reduce biodiversity ofFor example, Camp Pendleton’s past program for
native species. All weeds listed in the followingclearing native vegetation to conserve water
section have this potential, resulted in distributing arundo throughout the

cleared area. When the program was halted, the
Numerous weeds threaten the establishment andarundo population continued to expand (Reiger
succession of native riparian and salt marsh1988).
vegetation in the Delta and along the Sacramento
and San Joaquin Rivers and their tributaries. SomeThe effects of arundo’s ability to alter ecosystem
of the most invasive, listed below, include weedsprocesses may be profound. It is far more
that are widespread, often extensive, and extremelySusceptible to fire than native riparian species.
dangerous because of their ability to dominateHowever, although it recovers from fires, most
riparian or salt marsh communities and affectnative vegetation does not, leading to increased
ecosystem processes (aruffdo and tamarisk). Otherpostfire dominance by arundo. By increasing
invaders are trees or shrubs that now dominatesedimentation after establishing in stream
portions of riparian forests and can invade largerchannels, arundo stabilizes islands, hinders
areas if not controlled (ailanthus, edible fig,braiding and shifting patterns in stream channel
northern California black walnut, eucalyptus, blackmovement, and prevents native stream channel
locust, and Russian olive). Additional examplesvegetation from establishing (Peter.son pers.
include’some weeds that are primarily a problem incomm.). An example of this can be seen at~ Stony
a more restricted range or ecological zone typeCreek in northem California. Because arundo has
(perennial pepperweed, German ivy, cordgrass, anda vertical structure, it does not overhang water

" purple loosestrife), like native riparian vegetation. The result is less
shade over water, providing less cover, increased

Both arundo and tamarisk are widespread weedswater temperatures, and altered water chemistry,
capable ofcausingenormousdamagetoCaliforniaall conditions that can harm fish and other
riparian communities. They reduce ’ biologicalexisting aquatic organisms and ultimately change
diversity, habitat value for wildlife, and ecosystemthe aquatic species composition
processes such as flooding patterns and fire
frequency. By 1993, arundo accounted for as much as

50-60% of a 1,116-acre riparian community in the
Arundo (Arundo donax), also known as giant Riverside west quadrangle covering a portion of
reed or false bamboo:Native to the the Santa Ana River in southern California
Mediterranean area, arundo was introduced to(Douthit 1993). Because of this, it has been
Califomia in the late 1800s and used for erosionimplicated in the r.eduction of rare native stream
control along drainage canals. It continues to befish populations in the Santa Ana River (Bell
sold and planted as an ornamental. Arundo is a1993). Some arundo populations have been
highly invasive bamboo-like perennial grass thatmapped in southern California (Douthit 1993),
can form large, fast-growing, monospecific standsand a population has been mapped along Stony
that outcompete and displace native riparianCreek in northern California; however, no
vegetation while restricting water flow, increasingcomprehensive statewide mapping of arundo has
sedimentation, and forming large debris piles inbeen conducted.    Therefore, an accurate
streams and rivers. It is not considered to be ofassessment of the extent and rate of spread of the
value to native wildlife.. Arundo spreads byweed is unknown. It is widespread throughout the
growing rhizomes (lateral roots) and disperses toSacramento and San Joaquin River channels and
new sites when stems and rhizomes break off intheir tributaries, as well as throughout the Delta.
floodwater and take root in moist streambed soils.More survey mapping is needed to determine the
Grading and other construction activities can andextent of arundo, the levels of threat posed by the
have greatly increased areas occupied by arundo,weed throughout the ERPP study area, how and
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g¯ when best to safely control it, and a prioritizedthe eastern United States in the late 1700s. By the
strategy for removing it. mid- 1800s, it was commonly sold by nurseries as

I a street and shade tree. It was introduced into
Tamarisk(Tamarixchinensis, T. ramossisiraa, T. California in the 1850s. Its horticultural
pentandra), also known as salt cedar: This popularity declined by the mid-1900s, and it

i woody shrub from Eurasia was introduced in the~became naturalized in mostly ruderal areas, but is
early 1800s as an ornamental. It has since spreadoften present in riparian habitats as well,
or been introduced into nearly every drainageespecially those in agricultural or urban settings

i system in the southwestern United States. It(Hunter 1995). Although it may not be as
occupies 1.5 million acres nationwide and 16,000aggressive an invader as other riparian weeds, it
acres in C~alifornia. It can alter ecosystemhas achieved local dominance in some sites, either

i processes such as the frequency of fires anddisplacing or preventing native riparian species
hydrologic conditions of streams and groundwaterlfrom establishing. -In agricultural settings,
Tamarisk plants evapotranspire larger quantities ofailanthus roots can disrupt the integrity of levees
groundwater than do native plants, leading toand irrigation canal banks.

I groundwater supplies, traps morereduced It
sediment than native vegetation, leading to aEdible fig (Ficus carica): Fig is a cultivated tree
reshaping of stream bottoms and altered floodingnative to the Mediterranean area. Its seeds are

I pattem. It adds increased fuel loads to the ripariandispersed by birds and other wildlife and by
community, which can result in more fires,floodwaters. Present inmany streams and rivers
Tamarisk tolerates fires; native riparian speciesthroughout California, it tends to form a shady

I generally do not. The result of these ecosystemcanopy that can hinder seedling establishment by
process changes is the eventual exclusion ornative species. It also spreads vegetatively
reduction in cover by native plant species andthrough stump sprouting and where bent branches

I altered stream shapes and flooding patterns,take root, thus forming thickets that exclude
Studies have shown that birdusage is lower whennative species. An example of the fig’s impacts
tamarisk, rather than native tree species, dominatesmay be seen at both the Dye Creek and Cosumnes

I the riparian zone (Meents et al. 1984, AndersonRiver Preserves in northern California, where
and Ohmart 1984). active management programs are in place to

eradicate the trees.

I Tamarisk is widespread in Califomia rivers;
however, an accurate assessment of the extent andNorthern. California black walnut (Juglans
rate of spread of the weed is unknown. Likecalifornica vat. hindsii): Historically, the native

I arundo, more survey mapping is needed tonorthem California black walnut was present only
determine the extent of tamarisk, the levels ofalong the Sacramento River between Freeport and
threat posed by the weed, the best time to safelyRio Vista (Fuller 1978). However, Skinner and

i con.trol it, and a prioritized strategy for removingPavlik (1994) say it historically grew in Contra
it. Costa, Napa, Sacramento, Solano, and Yolo

Counties. It is a special-status species in its native

i Ailanthus, edible fig, northern California blackrange; however, it (or a hybrid of it and the
walnut, eucalyptus, and black locust are examplesEnglish walnut, Juglans regia) is now common in
of invasive trees or shrubs that have achieved localmany Central Valley, Delta, and Bay Area

i dominance in riparian forests in the ERPP studyriparian forests. The walnut’s widespread
area. All have the potential for populationdistribution may be explained by its historical use
expansions, as rootstock in English walnut orchards and

possibly by active spread by Native Americans.I Ailanthus (Ailanthus altissima), also known asAlong the mainstem of the Sacramento River,
tree-of-heaven: Ailanthus was first introduced into there are dense areas of northern California black
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walnut saplings established under the canopy ofecological zone type compared to the other listed
mature valley oaks and cottonwoods. Withoutweeds.
active management, these trees could eventually
displace valley oaks and cottonwoods in manyRussian olive (Elaeagnus angustifolius):
areas. Russian olive is a cultivated shrub or tree, native

to temperate Asia. It is not yet a significant
Eucalyptus (Eucalyptus spp.): Eucalyptus trees problem but can become one if not controlled. It
are native to Australia. They have been usedis planted in landscaping and has been planted
commercially as fuel wood and plantedextensively in wind breaks. It spreads into
horticulturallyin urban settings. They areriparian areas from seed and at maturity, crowds
fast-growing and quickly form canopies thatout native species.
restrict available light from slower-growing native
species. 7hey also compete forwater and form aPerennial pepperweed (Lepidium latifolium):
large leaf litter layer that alters the soil chemistryPerennial pepperweed is a mustard family plant,
and tends not to break down rapidly. The oil in thenative to Eurasia, that is widespread in the United
trees makes them particularly hazardous to fires, asStates. It was introduced to North America in the
was demonstrated in the Oakland hills andearly 1800s and reportedly first introduced to
southern California fires in the summer of 1996.Yolo County as a contaminant of sugar beet seed
However, unlike native riparian plants, eucalyptus(Young et al. 1996). It is found in all counties in
resprouts after fires. This combination ofthe ERPP study area. It infests freshwater riparian
characteristics leads to dominance and expansionand wetland areas and salt-affected areas,
of the trees in riparian systems. Because the leavesincluding coastal salt marshes, often where there
are not broken down, the leaf litter can causewas past disturbance. It can also grow in areas
increased sedimentation in streams, adverselythat are only seasonally wet. The plants grow
affecting invertebrate and fish populations,fast, up to two or more meters tall, and spread
Eucalyptus trees growing in stream channels atboth by rhizomes and seeds, forming dense stands
maturity create flood risks because their shallowthat exclude all other vegetation. Once stems
roots and large stature render them vulnerable tobegin growing, most herbivores will not eat the ¯
blow down and toppling during storm events,plants (Young et al. 1996). An example of a
potentially causing debris dams during high flows,perennial pepperweed infestation may be found at
Volunteer eucalyptus stands in the channel may beGrizzly Island in the Delta.
found in many riparian locations, such as along
Putah Creek in Yolo County. German ivy (Senecio milkanioides): This vine,

native to South Africa, has been planted
Black locust (Robinia pseudoacac.ia): Black horticulturally and has spread into primarily |
locust is native to the eastern United States and iscoastal riparian forests. German ivy can be found
planted horticulturally in California. Oncein Marin and Sonoma County riparian forests. It
established, it spreads through seed and rhizomescarpets large expanses of forest understory and’
to form locally dominant patches that can excludeclimbs to the canopy of willow and cottonwood
native vegetation. Like eucalyptus, black locusttrees. Competing for nutrients and water and

after fires. Examples of its dominancepreventing sunlight from reaching seedlings, it ¯resprouts
may be found in sites along the Delta and lowerreduces the cover of native vegetation and the
American River and at the Cosumnes Riverriparian community structure.
Preserve.

Cordgrass (Spartina alterniflora, S. anglica, S.
Russian olive, perennial pepperweed, German ivy,densiflora, S. patens): Spartina alterniflora,
cordgrass, and purple loosestrife are weeds thatnative to eastern North America; S. anglica, S.
pose problems in a more restricted range ordensiflora, native to South America; and S.
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patens, native to the southeastern United States¯ increase shaded riverine cover for fish,
were intentionally introduced to San Francisco Bay
areas in the 1970s (Callaway and Josselyn 1992,̄ reduce stress on rare species and communi-
Daehler and Strong 1994, Spicher and Josselyn ties, and
1985, Spicher 1984). All introduced cordgrasses
are a threat to the open intertidal mud and salt¯ increase habitat values for riparian associated
marsh communities in estuarine areas. The wildlife.
cordgrasses form tall, dense colonies in the mud
with thick root systems. The result is alteration ofReduction of populations ofinvasive plant species
tidal flows and increased sedimentation, as well asthat. compete with the establishment and
displacement of clams, worms, crustaceans, andsuccession of native saline and fresh emergent
shorebirds that depend on these prey species. Anmarsh vegetation would also assist in the natural
additional threat is to the native S. foliosa, whichreestablishment of these native habitats and
becomes overgrown by S. alterniflora (Callawayincrease habitat values for associated wildlife.
and Josselyn 1992) and can hybridize with itDeveloping and enhancing programsthatprotect
(Strong andDaehler 1996). The nativeS.foliosaand restore our State’s natural resources and
community provides habitats for the clapper railbiological diversity while fulfilling our flood
and salt marsh harvest mouse, control, water conveyance, and compatible

development are necessaryeconomic needs if
Purple loosestrife (Lythrumsalicaria)i Native to efforts are to succeed on a long-term basis.
Eurasia, this riparian herbaceous weed wasHistorically, governmental weed control programs
introduced to North America in the early 1800s andhave been aimed at non-native species, which has
has since invaded wetlands throughout the Unitedadversely affected commerce, primarily
States. It forms large monotypic stands, displacingagriculture, or public services such as water
native species, and can eliminate shallowdelivery. Weeds in natural areas have historically
open-water areas otherwise used by waterfowl andnot been addressed but are now areas of great and
wildlife, increasing concern. Expanding existing

governmental and private programs or creating
new, similar programs is needed to perpetually

VISION monitor, research, and control weeds that impact
natural areas, and to Prevent new infestations by
existing weeds or new introductions. To
minimize recurring infestations, programs toThe vision for invasive riparian and salt marsh
actively restore native habitats will requireplant species is to reduce their adverse effects on
expansion into areas where infestations have beennative species and ecological processes, .water
removed.quality and water conveyance systems, and major

rivers and their tributaries.

Active management is necessary to reduce invasive INTEGRATION WITH OTHER
plant populations that compete with the RESTORATION PROGRAMS
establishment and succession of native riparian
vegetation in the Delta and Sacramento and San
Joaquin Rivers and their tributaries in order to: andThe Califomia Departmentof Food

Agriculture’s Integrated Pest Control Branch has
¯ assist in the natural reestablishment of native

riparian vegetationinfloodplains,
responsibility for tracking and controlling
federally listed noxious weeds statewide. These
are weeds that have an impact on agriculture,
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although most of the current infestations areand non-native weeds on federal lands and to
restricted to natural and uncultivated areasprovide technical assistance on private land to
(O’Cormell pers. comm.). Listed weeds are givenachieve the goal of sustainable, healthy
an "A", "B", or "C" designation. "A" weeds areecosystems that meet the needs of society.
tracked and targeted for control or eradication
wherever they are found. "B" weeds areThere are many other organizations with an
considered too widespread to require mandatedinterest in weed issues in the ERPP study area.
control measures; the choice for controlling themAll have different roles, interests, and expertise.
is left to the county agricultural commissioners.To attain ERPP’s goals, a coordinated effort
"C"-rated weeds are so widespread that the agencywould be needed among the groups to develop,
does not endorse State- or county-fundedprioritize, and implement weed management
eradication or control efforts except in nurseries~programs and strategies that will help to achieve
and seed ,~ots. Of the weeds described in thisecological zone and resource visions.
vision statement, onl~ perennial pepperweed and
purple loosestrife are listed as noxious agricultural¯ The University of California Weed Science
weeds, both with a "B" designation. With funding, . Program in the Vegetable Crops Department
the California Department of Food and conducts ongoing research on weed ecology
Agriculture’s Integrated Pest Control Branch could and control, including noncrop and natural
be expanded to include weeds adversely affecting area problems.
natural areas and their existing infrastructure and
expertise used to track, map, and control weeds̄ The California Exotic Pest Plant Council is a

¯ that are problems in natural areas, nonprofit organization that focuses on issues
regarding non-native pest plants and their

Two recently announced programs or policy control, and on public education regarding the
changes may bear positively on the vision for issues.
controlling aquatic, riparian, and salt marsh weeds.
The first is that the U.S. Department of Animal and̄ The California Weed Science Society is a
Plant Health Inspection Service (APHIS) 50-year-old organization serving the weed
developed a new weed policy that includes science community.
regulation of all types of weeds, including not only
those threatening agricultural or managed areas,¯ The U.S. Environmental Protection Agency,
but natural area weeds as well. The program will U.S. Fish and Wildlife Service, and the
use a risk assessment to list and delist noxious Californi~Department ofFish and Game have
weeds. Among other aspects of the new policy, regulatory roles pertaining to weed control.
APHIS will institute a regu!atory role of detecting,
assessing, and containing incipient infestations.Several public and private groups dealing with
The policy states that APHIS will play a federalweeds directly or indirectly in the ERPP study
coordination role to facilitate communication andarea can also be included. Among these are:
cooperation between relevant public agencies and
others. ¯ the California Native Plant Society,

The second new approach was formed through ā . The Nature Conservancy,
Memorandum of Understanding (MOU) signed by
17 land-holding federal agencies in 1994. Ā State and national parks, county and local
committee was formed called the Federal parks,
Interagency Committee for Management of
Noxious and Exotic Weeds. The purpose of thē U.S. Bureau of Land Management,
MOU and committee formation is to enable the
signing agencies to cooperatively manage noxious¯ APHIS,
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¯ U.S. Army Corps of Engineers, established in riparian and saltmarsh restoration
areas, conduct distribution and abundance surveys

¯ U.S. Natural Resource Conservation Service,throughout the ERPP Study Area, and develop
and implement control and eradication programs

¯ Center for Natural Lands Management, for high priority problem areas.

~ resource conservation districts, A comprehensive strategy to reduce invasive
riparian and salt marsh plant populations and their

¯ mosquito abatement districts, adverse effects on the Bay-Delta ecosystem would
include the following items.

¯ flood control districts,
¯ Assess weeds for their levels of a threat, their

¯ C~fiforniaAssociation of Nurserymen, extent, and their potential for long-term
control.

¯ Team Arundo, and Team Arundo del Norte,
¯ Assess potential weed control sites for their

¯ local land trusts, likelihood to provide the greatest return on
control efforts in terms of improved habitat

¯ and private landowners, quality and other benefits, such reducingas
flood risk and channel instability, longevity of
results, and ability to supply the types of

LINKAGE WITH OTHER habitats and habitat characteristics proposed

ECOSYSTEM ELEMENTS
for restoration.

¯ Develop and implement.management plans
based on the assessment of weeds and sites to

Invasive riparian and salt marsh plants adversely achieve specific targets for each weed and
influence other ecosystem elements such as site.
riparian and riverine aquatic habitat, and fish,
wildlife, and plant species. ¯ Wherever necessary and appropriate,

implement habitat restoration simultaneous
with or following control measures.

IMPLEMENTATION OBJECTIVE~
TARGETS~ AND PROGRAMMATIC

¯ For arundo and tamarisk, eradicate the weeds
in watersheds where they have only small

ACTIONS populations, then concentrate on eradicating
satellite populations extending beyond major
infestations,    and finally, reduce and

The implementation objective for invasive riparian eventually eliminate the most extensive

and salt marsh plants is to reduce populations of populations.
invasive non-native tree and shrub species that
compete with    native riparian vegetation.̄ Provide technical expertise, serve as a

Reducing invasive riparian and salt marsh plants clearinghouse for regional information and

would help to establish and support sustainable projectresults,andassistwithimplementing
high-priority local proje.cts in specificnative vegetation communities,                         ecological units or zones to increase the

The effectiveness of existing public and privategeneraltarget for invasiveriparianand
saltmarsh plants is to prevent them from becoming
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NON-NATIVE WILDLIFE

habitat changes that tend to favor non-native ¯
species and a lack of natural controls (e.g., natural
predators). These non-native species usually have ¯
a competitive advantage because of their location
in hospitable environments where the normal
controls of disease and natural enemies are
missing. As populations of non-native species |
grow, they~ can disrupt the ecosystem and
population dynamics of native species. In some
cases, habitat changes have eliminated |
connectivity of habitats that harbor the native

INTRODUCTION
predators that could help to limit populations of
harmful non-native species.

The large-scale .restoration of emergent wetlands,
The following common but harmful non-native

riparian habitat, and adjacent perennial grasslands
species are found in the Bay-Delta area:

will be the main focus of a strategy to reduce thē The red fox was brought to California to be
adverse impacts of non-native wildlife on the hunted for sport and raised for fur during the
health of the Bay-Delta ecosystem. The goal is a late 1800s and early 1900s. The population of
restored Bay-Delta and watershed where the this fox appears to be increasing and is now
quality, quantity, and structure of the restored widespread in the Central Valley lowlands
habitat discourage colonization by non-native and the coastal counties south of Sonoma
wildlife, provide a competitive advantage to County. The range of this species also
native wildlife, and reduce the vulnerability of appears to be increasing, and the fox is a
native species to nest parasitism and predation threat to many native endangered wildlife
from species such as the brown-headed cowbird species such as the California clapper rail.
and starling, and from predation by species such
as the red fox and Norway rat. ¯ The Norway rat was introduced

unintentionally and was established in many
areas by the mid-1800s. Increases in urban

STRESSOR DESCRIPTION development, landfills, and riprap areas have
resulted in large populations of these rats
living along the bay shores. They are a threat ¯

One of the most serious environmental problems to ground-nesting wildlife.
facing California is the explosive invasion of non-
native pest plants and animals. Non-native plants,̄ The feral cat is a major predator to bird and ¯
wildlife, fish, and aquatic invertebrates can mammal populations in the wetland areas of
greatly alter the ecosystem processes, functions, the Bay-Delta Estuary and wildlife areas
habitats, species diversity, and abundance of elsewhere.
native plants, fish, and wildlife.

¯ The bullfrog is not native west of the Rockies
Many of these invasive species spread rapidly and but has been successfully introduced ¯
form dense populations primarily by out- throughout most of California from Oregon to |
competing native species as a result of large-scale Mexico. Bullfrogs can establish and thrive in
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most permanent aquatic habitats that supportfound. The vision for non-native wildlife species
emergent vegetation. Population levels inis to implement a program to reduce the numbers
semipermanent aquatic habitats vary fromof harmful non-native wildlife species (i.e., those
year to year. Bullfrogs feed on mostthat threaten the diversity or abundance of native
vertebrates and invertebrates that can bespecies or the ecological stability of an area).
seized and swallowed.

Reducing the numbers of non-native species and
¯ The red-eared slider is a turtle native to thetherefore the effects these species have on native

southeastern United States and sold in petwildlife will require a coordinated approach that
stores throughout the west. The species hasincludes restoring ecosystem processes and
become established in the wild in somefunctions whereapplicableandpossible, restoring
locations through releases by pet owners. Thenative habitats, reducing or eliminating other
raage and status of sliders in the Delta arestressors that suppress native species, and efforts
unknown but it is possible that this species isto control non-native species.
successfully reproducing. If so, it could
compete with aquatic species in and
dependent on the Delta. INTEGRATION WITH OTHER

Non-native wildlife species have been sighted RESTORATIONPROGRAMS
throughout the Sacramento and San Joaquin
Valleys in a variety of habitats. These include

and forest Efforts to control non-native species, such as theaquatic,riparianscrub, woodland,
habitats; valley oak woodland; grassland andred fox, are being undertaken on a small scale in
agricultural land. the San Francisco Bay area. Most other efforts

are associated with damage control in agricultural,
Reestablishing connectivity between habitatsurban, and suburban areas in the ERPP study area.
would help to reduce non-native species.. ForLimited efforts have been focused in State and"instance, restoring the connection between Bayfederal wildlife areas that have undertaken control
marshlands and upland habitats that haveprograms onasmallscale.
populations of coyotes may help to reduce
populations of red fox. Nest conditions in
fragmented areas of riparian habitats encourage LINKAGE WITH OTHER
nest predation and parasitism by non-native
species such as starlings and brown-headed ECOSYSTEM ELEMENTS
cowbirds. Restoring large blocks or broad bands
of riparian habitats will eliminate or minimize
these adverse effects. Larger blocks may alsoNon-native wildlife either compete with native
encourage additional nesting by native deep-wildlife species or prey on them. The result is
forest-nesting species that have been previouslydiminished abundance of native species, some of
excluded, which, such as the California clapper rail, are

State or federally listed endangered species.
Other than direct control measures, the problems

VISION caused by non-native wildlife species can be
moderated by habitat restoration programs that
reconnect habitats, reduce fragmentation of
riparian habitat, and restore connection between

A non-native species is one that has beenlowlandandupland habitats.
introduced into an area where it is not naturally
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IMPLEMENTATION OBJECTIVE~ environmental controls listed above, and use
rodenticides).

TARGETS~ AND PROGRAMMATIC

ACTIONS ¯ Reduce feral cat populations in and adjacent
to suitable habitat for California clapper rail,
California black rail, salt marsh harvest

The implementation objective for non-native mouse, San Joaquin pocket mouse, kangaroo

wildlife is to reduce the abundance of non-native rat, and blunt-nosed leopard lizard habitats to

wildlife species to maintain and expand the reduce predation on eggs, juveniles, and

diversity or abundance of native species or the adults and assist in the recovery of these

ecological stability of native habitats, species.

¯ Periodically drain aquatic habitats inhabitedThe general target for non-native wildlife is
develop and implement control programs to by bullfrogs to reduce the populations of

reduce population abundance and to reestablish these species (bullfrog larvae have an

larger blocks of connected habitats to provide extended growing season, sometimes even

more extensive habitat and protection for native
overwintering, compared to native
amphibians such as the Califomia red-leggedwildlife,
frog).

The Ecosystem Restoration Program Plan (ERPP)
supports the following activities that would̄ Investigate the feasibility of increasing the

reduce adverse effects of non-native wildlife on harvest of bullfrogs without disturbing native

native species: species.

¯ Reduce red fox populations in and adjacent to [] Implement a "buy-back" or "take-back"
program in pet stores to reduce the number ofhabitat areas suitable for California clapper
red-eared sliders released into the Delta.rail, California black rail, salt marsh harvest

mouse, and San Joaquin kit fox to reduce
predation on eggs, juveniles, and adults and
assist in the recovery of these native species.

¯ Reduce Norway rat populations in and
adjacent to suitable habitat areas for
California clapper rail, Califomia black rail,
and salt marsh harvest mouse to reduce
predation on eggs, juveniles, and adults and
assist in the recovery of these species. A
combination of activities would be required to
prevent the rats from establishing in
important habitat areas (e.g., remove garbage
and rubbish; ensure proper construction of
residences and food storage structures; break
down stubble in field crops, such as corn, to
expose the rodents to predation during winter)
and reduce populations in important habitat
areas where the rats are already established
(e.g., use biological controls, practice the
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PREDATION AND COMPETITION

quantified. There are essentially three classes of
predators on chinook salmon: birds, fishes, and

~ marine mammals. Predatory birds include diving
birds such as cormorants and gulls; terns and
mergansers; wading birds such as snowy egret,
great blue heron, black-crowned night heron, and
green heron; raptors as osprey.and such

Predatory fish include both native and non-native
species, predatory speciesNative include
Sacramento squawfish, prickly sculpin, and
Steelhead. Non-native predatory species include
striped bass, white catfish, channel catfish,

INTRODUCTION American shad, black crappie, largemouth black
bass, and bluegill. ~

Predation by native species is a naturalPredation and competition are natural ecological
phenomenon and should not have a serious effectfunctions; however, unnatural levels of each can

result in adverse effects to important sport andon naturallyproducedchinooksalmonin areas

commercial fisheries and species of concern suchwhere shaded riverine aquatic (SPA) habitat and

as winter-run chinook salmon. For example, theother types of escape cover are present. Chinook
adverse effects between      salmon has coevolved with its native predatorspotential of competition

native and hatchery-reared salmonid stocks forand has developed life-history strategies to avoid

food and other resources are a concern. Predationpredation. However, predation by non-native

on important fish species and stocks is known tospecies and increased predation resulting from

be a problem in the Central Valley, however, atartificial inwater structures and loss of instream
habitat diversity may have resulted in grossspecific sites or under specific environmental

conditions, imbalances in the predator-prey relationships and
~ community structure in which chinook salmon

evolved.Efforts to control the extent of unwanted
predation and competition, particularly the loss of J
species of concern, are an important component inArtificial structures, such as dams, bridges, and

restoring health to the Bay-Delta system and indiversions, create shadows and turbulence that

providing for other beneficial uses of water, tend to attract predator species and create an
unnatural advantage for predators (Stevens 1961,
Vogel et al. 1988, Decoto 1978). Specific
locations where predation is of concern include

STRESSOR DESCRIPTION Red BluffDiversion Dam (RBDD), Glenn-Colusa
Irrigation District’s (GCID’s) Hamilton City
Pumping Plant, flood bypasses, release sites for

CHINOOK SALMON AS A PREY SPECIES salmon at the State and federal fishsalvaged
facilities, areas where rock revetment has replaced

Predation occurs throughout the river and oceannatural river bank vegetation, the Suisun Marsh
life-history stages of chinook salmon, but theSalinity Control Gates, and Clifton CourtForebay
magnitude and extent of predation have not been(CCF).
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Predation at RBDD on juvenile chinook salmon isincluded chinook salmon and Sacramento
believed to be higher than natural levels becausesquawfish (Jones & Stokes Associates 1993a).
of the water quality and flow dynamics associated
with the operation of this structure. The most
important predator at RBDD is squawfish (Garcia GLENN-COLUSA IRRIGATION DISTRICT
1989). Squawfish migrate annually upstream to I:I.AMILTON CITY PUMPING PLANT
RBDD from March to June, but some squawfish
are present year round at the dam. Striped bassEvaluations at GCID Hamilton City Pumping
have also been captured immediately belowPlant suggested that predation could be an
RBDD in limited but regular numbers and haveimportant factor contributing to losses of juvenile
been found to have fed on juvenile salmonidssalmonids at that location (Deco~o 1978). In
(U.S. Fish and Wildlife Service unpublished datamark-recapture studies, 66% of the salmon were
cited in Garcia 1989, Villa 1979). Striped bass unaccounted for in bypass evaluations, and 82%
were also ~observed by U.S. Fish and Wildlife were unaccounted for in culvert evaluations.
Service (USFWS) divers below RBDD in More recent studies suggest that Sacramento
September 1982, and five American shad capturedsquawfish is the primary predator at the pumping
at RBDD in June 1976 contained two to sevenplant (Cramer 1992), although striped bass were
juvenile salmon each (Hall 1977). also found with young chinook salmon in their

stomachs.
Some chinook, such as juvenile winter-run
chinook salmon that migrate downstream soon
after emerging from the gravel in st~mmer and FISH SALVAGE RELEASE SITES
early fall, will encounter RBDD when the gates
are still down. They must cross Lake Red BluffOrsi (1967) evaluated predation at the Jersey
when turbidity is generally low and waterIsland release site for salvaged fish from the State
temperatures are still relatively high. Because ofand federal fish facilities from mid-June through
their small size, these early emigrating winter-runJuly in 1966 and 1967. Striped bass was the
juveniles may be very susceptible to predation inmajor predator at the release site, with black
the lake by.squawfish and cormorants (Vogel etcrappie and white catfish ranking second and
al. 1988). In passing the dam, juveniles arethird, respectively. Orsi estimated that overall
subject to conditions that greatly disorient them,predation occurred on about 10% of the salvaged
causing them to be highly susceptible to predationfish released per day during multiple releases
by fish or birds. (one million fish/day), and more than 80% of the

predation was from striped bass. He qualified this
Late-migratingjuvenile chinook salmon that passestimate as potentially being high and not
RBDD in early spring most likely suffer theapplicable to other sites such as the Sacramento
greatest losses because squawfish abundance isRiver. Similarly, Pickard et al. (1982)conducted
higher at this time of year and river conditions arepredation studies of salvage release sites from
gen.erally favorable for predators, especially1976 to 1978. Fish, salvaged from the State’s fish
during dry years. The impacts of these losses arefacility; were regularly transported and released
also more important because of the overall higherinto the lower Sacramento River at Horseshoe
survival of these smolts (versus actively migratingBend. More predator fish were collected at the
fry) and their greater probability of contribution to release site than at the control site, with striped
the adult population, bass and Sacramento squawfish being the primary

predators. Also, more fish remains were found in
There are some concerns that predation is higherthe predators’ stomachs at the release site than at
in flood bypasses. In one survey of the Sutterthe control site.
Bypass, the most abundant species captured
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ROCK REVETMENT SITES species at the structure was striped bass, and
juvenile chinook were identified in their stomach

USFWS conducted a study to assess thecontents. Catch-per-unit-effort (CPUE)of bass
relationship of juvenile chinook salmon to thehas generally increased at the structure from 1987
rock revetment type bank protection between(less than 0.5, preproject) to 1992 (3.0,
Chico Landing and Red Bluff (Michny and postproject), and declined somewhat in 1993 (1.5)
Hampton 1984). They found that predatory fish, (California Department ofFish and Game 1994c).
such as Sacramento squawfish and pricklyIn comparison, CPUE was 3.44 at CCF and 1.65
sculpin, were more abundant at riprapped sitesat the south Delta barriers during the same period,
than at naturally eroding bank sites with riparianusing identical gear.
vegetation. Conversely, juvenile salmon were
found more frequently in areas adjacent to
ripariaa~ habitats than at riprapped sites. Riparian OCEAN PREDATION
habitats provide overhead and submerged cover,
an important refuge for juvenile chinook fromOcean predation very likely contributes to natural
predators, mortality in naturally and hatchery-produced

chinook salmon stocks; however, the level of
predation is unknown. In general, chinook

CLIFTON COURT FOREBAY salmon are prey for pelagic fishes, birds, and
marine mammals including harbor seals, sea lions,

Overall predation rates for salmon smolts in CCFand killer whales. There have been recent
have been estimated at 63-98% for fall-runconcerns that rebounding seal and sea lion
chinook (California Department ofFish and Gamepopulations, following their protection under the
1993a), and 77-99% for late-fall-run chinook Marine Mammal Protection Act of 1972, have
(Table 4). In mark-recapture studies, estimatedresulted in substantial mortality for salmonids.
mortality rate per mile in CCF was 91.3%,
compared with 2.7% for the central Delta andOcean predation rates on Central Valley chinook
0.9% for the mainstem Sacramento Riversalmon have not been evaluated, but several
(between Ryde and Chipps Island). Thisstudies have been conducted in other estuaries. At
difference was thought to result from the greaterthe mouth of the .Russian River, Hanson (1993)
abundance of predators, primarily striped bass, infound that maximum population counts of seals
CCF, as well as hydraulic actions and theand sea lions corresponded with peak periods of
operational andphysicaldesignofCCF. Duringsalmonid returns to the hatchery upriver.
high tide, striped bass density in CCF has beenHowever, Hanson concluded that predation was
estimated to be three to 17.5 times higher than theminimal on adult salmonids because only a few
density of striped bass in the Delta. At low tide,pinnipeds foraged in the area, their foraging
striped bass density in CCF has been estimated asbehavior was confined to a short portion of the
roughly five to 21 times higher than in the Delta.salmonid migration, and their capture rates were

low.

SUISUN 1VIARSH SALINITY CON’~ROL In the lower Klamath River, Hart (1987) reported
STRUCTURE predation rates of about 4% and 8% in 1981 and

1982, resPectively, from harbor seals on chinook,
The California Department of Fish and Gamecoho and steelhead. It is important to note that
(DFG) conducted predation studies from 1987 to marine mammal and chinook salmon populations
1993 at the Suisun Marsh salinity controlevolved together and coexisted long before
structure to determine if the structure attracts andhumans played a role in controlling either species.
concentrates predators. The dominant predator
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Summary of Clifton Court Forebay Prescreen Loss Studies
on Hatchery Juvenile Chinook Salmon

Prescreen Size at
Loss Rate Temperature Pump Predator Entrainment

Date Salmon (%) (avg/day°F) Exports Abundance (mm fl)
Run (avg. af/day)

Oct 76 Fall 97.0 65.4 2,180 NA 114
Oct 78 Late-fall 87.7 57.5 4,351 NA 87
Apr 84 Fall 63.3 61.2 7,433 35,390 79
Apr 85 Fall 74.6 64.1 6,367 NA 44
Jun 92 Fall 98.7 71.7 4,760 162,281 77
Dec 92 Late-fall 77.2 45.4 8,146 156,667 121

93 Fall 94.0 62.0 6,368 223,808 66Apr
Nov 93 Late-fall 99.2 53.7 7,917 NA 117

NA = estimates not available

Source: California Department of Fish and Game 1993.

GENERAL ANALYSIS OF STRIPED BASS rivers above the Delta. The greater vulnerability
PREDATION ON CHINOOK SALMON of salmon in the river may be a result of the

greater clarity and the smaller width of the river.
Food habit studies conducted by numerousIn many areas, bank protection activities, such as
investigators indicate that chinook salmon are notmaintaining levees and riprapping, have removed
an important component in the diet of stripedSRA habitat and eliminated escape cover needed
bass, although, at times, young salmon, primarilyby young fish.
fall-

run, have constituted a substantial part. OPPORTUNITIES TO REDUCE I~REDATION
Generally, this has occurred in the Sacramento
River upstream of the estuary and has beenThere have been only limited efforts to reduce
localized at water management structures, bridgepredation problems. At RBDD, a squawfish
abutments, and other predator habitats. It alsoderby was held in 1995 to reduce squawfish
occurs at structures that cause disorientation ofabundance. However, this sport fishery is
juveniles such as RBDD. In the Delta, it is aunlikely to measurably alleviate predation from a
known problem in CCF and at sites where largenative migratory species. The fishery could
numbers of artificially produced chinook salmontemporarily reduce squawfish abundance, but
are released, more squawfish are likely to repopulate the area.

Sacramento squawfish are also more abundant at
The studies reveal that, except at localized sitesRBDD during spring, and a spring fishery could
and structures, striped bass are less likely to eatcause incidental catches of winter-run chinook.
salmon in Suisun Bay and the Delta than in the
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The preferred solution to reduce predation atPredation by residualized hatchery-released
RBDD is to eliminate or reduce the feedingsteelhead, however, could be substantial. The
habitat that RBDD creates by seasonally orextent of residualization of released steelhead
permanently raising the gates. It is anticipatedtrout smolts is unknown. With a potential annual
that the GCID Hamilton City Pumping Plant will release of more than one million steelhead trout at
be redesigned and relocated on the main channelColeman National Fish Hatchery, even a small
of the Sacramento River, upstream of its presentrate of residualization could result in a substantial
location on an oxbow. The new design willpredator population.
eliminate predator habitats and should
substantially reduce the existing level of predationPredation from steelhead released by Feather
and other problems caused by stream channel andRiver Hatchery and Nimbus Fish Hatchery has not
gradient changes in the Sacramento River inbeen evaluated but may also be important. Each
recent years, of these hatcheries has a capacity to raise about

400,000 yearling steelhead to a size of 3-4
Predation problems occurring in CCF may befish/pound. Feather River Hatchery fish are
resolved by alternative conveyance facilities thatplanted in the Feather River below Yuba City,
reduce the quantity of water drawn directly intomost by the end of March, and the Nimbus Fish
the forebay from the Delta. Hatchery fish are mainly trucked and released in

the Strait between andCarquinez January April
Another important opportunity to reduce (California Department ofFish and Game 1990).
predation on target fish species is by recreating orFeather River hatchery steelhead are released at a
restoring a more complex mosaic of instreamlarge enough size and at a time when they could
habitats. These habitats can contribute to reducedintercept winter-run chinook. Nimbus Hatchery
predation and competition by allowing species tosteelhead would also be large enough to prey on
partition themselves among a more diverse arraywinter-run chinook salmon.
of available habitats.

Chinook salmon and steelhead artificially
produced at and released from hatcheries may

PREDATION ANDCOMPETITIONWITH compete with (or displace) their naturally
I-IATCHERY-REARED FISH produced counterparts for food or habitat in the

river, estuary, and open ocean. The major source
The extent of predation by hatchery salmonids onof competition from hatchery salmonids in the
naturally produced chinook salmon and steelheadupper Sacramento River would be from releases
is also not known. Steelhead releases, primarilyfrom the Coleman National Fish Hatchery on
by the Coleman National Fish Hatchery, may haveBattle Creek. The extent of competition between
the greatest potential for inducing unnatural levelsnaturally produced chinook and releases from
of predation on naturally produced chinookother hatcheries is of particular concern. The
salmon. Coleman National Fish Hatchery has aextent of this competition is unknown but is
capacity to raise about one million yearlingbelieved to be low. The size differences between
steelhead. Present production targets a release ofthe various chinook salmon stocks may also result
about 600,000 in January and February at 125-275 in segregation according to size-dependent habitat
millimeters (ram) long (four fish/pound),preferences because juvenile chinook salmon and
Predation on hatchery-produced steelhead issteelhead move to faster and deeper waters as they
thought to be further reduced, because thesegrow and do not compete with fry (Everest and
steelhead tend to outmigrate rapidly and during aChapman 1972).
period when inriver foraging conditions are
suboptimal (i.e.,high turbidity,low water Competition between hatchery runs and naturally
temperature), produced salmon in the ocean is most likely
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limited in most years. The ocean environment hasameliorate the adverse effects of competition and
been assumed to be nonlimiting because,predation. Cumulatively, these visions present a
historically, the abundance of wild salmon wasrobust integration of implementation objectives,
much higher than the combined abundances ofrestoration targets and actions that will contribute
wild and hatchery salmon at present (Chapmansubstantially to the restoration and maintenance of
1986, Bledsoe et al. 1989), and standing stocksa healthy ecosystem, and healthy populations of
and production rates of prey resources werevaluable sport and commercial fisheries.
estimated to far exceed the food requirements of
the present ocean populations (LaBrasseur 1972,
Sanger 1972). A number of studies have found INTEGRATION WITH OTHER
evidence that ocean conditions may limit salmon
production and a substantial percentage of the R.ESTORATION PROGRAMS

total nat~ral mortality may occur during early
marine life (Parker 1968, Mathews and Buckley
1976, Bax 1983, Furnell and Brett 1986, Fisher Three major programs to restore chinook salmon
and Pearcy 1988).    However, in manyand steelhead populations exist within the Central
populations, much of this mortality appears toValley. The Secretary of the Interior is required
occur in the first month at sea regardless of theby the Central Valley Project Improvement Act
number ofsmolts released. Brodeuretal. (1992)(Public Law 102-575) to double the natural
suggested that local depletion of resources couldproduction of Central Valley anadromous fish
occur, especially of fish prey in a warm year ofstocks by 2002, The National Marine Fisheries
reduced productivity (e.g., in 1983) when prey Service is required under the Endangered Species
were smaller and competitors, such as mackerel,Act to develop and implement a recovery plan for
were abundant. But, in general, juvenile salmonthe endangered winter-run chinook salmon andto
do not appear to be food-limited in coastal waters restore the stock to levels that will allow its
during most normal years (Brodeur et al. 1992,removal from the list of endangered species. DFG
Peterson et al. 1982, Walters et al. 1978). is required under State legislation (The Salmon,

Steelhead Trout and Anadromous Fisheries
Program Act of 1988) to double the numbers of

VISION salmon and steelhead trout that were present in
the Central Valley in 1988.

These programs, together with the ecosystem
The vision for predation and competition is toapproach provided in ERPP, will cumulatively
reduce unnatural levels to restore fish populationsprovide for substantial improvements in the health
by removing, redesigning, or reoperating inwaterof fish populations, their habitats, and the
structures, diversion dams, and hatchery practices,ecosystem processes that create and maintain

habitat and lessen the adverse effects of stressors.
TheERPPvisionforunnaturallevels of predation
and competition is closely linked to physical
habitat restoration objectives and targets in the
visions for the Sacramento River Ecological Zone, LINKAGE WITH OTHER
the Sacramento-San Joaquin Delta Ecological ECOSYSTEM ELEMENTS
Zone, the San Joaquin River Ecological Zone, and
the Suisun Marsh/North San Francisco Bay
Ecological Zone. in addition, the visions forThe solutions to reducing unnatural levels of
chinook salmon, steelhead trout, striped bass, andpredation and competition are linked to improved
artificial productioncontain strategiesto hatchery management strategies which include
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reevaluation of release programs for hatcherȳ replacing or supplementing rock revetment
produced fish. The solution also include site with natural vegetation including shaded
modification to structures that promote predation riverine aquatic habitats,
such as predator habitat provided by instream
structures. Some structures, such as RBDD,̄ restoring large blocks ofriparianand shaded
increase the vulnerability of young fish. to riverine aquatic habitats along the mainstem
predation. The restoration of riparian and riverine Sacramento and San Joaquin Rivers,
aquatic habitats, set back levees, and increases in
the .area and quality of shallow water habitat̄ preventing predatory fish from congregating
throughout the Delta and Suisun Bay will also below the Red Bluff Diversion Dam by
provide important ecological components to modifying operations,
lessen species interactions and the potential for
predation. ¯ improving fish passage through the flood

control bypasses and eliminating low areas
with no connection to perennial water

IMPLEMENTATION OBJECTIVE, courses,

TARGETS~ AND PROGRAMMATIC ¯ . improving fish release sites used by the State
and federal Delta fishACTIONS salvagefacilities,

¯ reevaluating opportunities to reduce predation

The implementation objective for predation and in CliftonCourtForebay,

competition is to reduce the loss of juvenile
anadromous and resident fish and other aquatic̄ evaluate alternate release strategies for

organisms from unnatural levels of predation in Central Valley hatcheries to minimize

order to increase survival and contribute to the interactions between hatchery and naturally

restoration of important species, produced fish,

The general target is to develop and implement
hatchery practices to reduce the potential REFERENCES
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CONTAMINANTS

supply, irrigation, stock watering, contact and
noncontact water-related recreation, hydroelectric
power generation, industrial service supply, warm
and cold freshwater habitat, warmwater and
coldwater spawning, fish migration, and wildlife
habitats.

Although cause-and-effect relationships between
levels of contaminants and the abundance of
aquatic resources have not been conclusively
documented, ERPP envisions a restored, healthy
Bay-Delta ecosystem in which contaminant loads
and concentrations are reduced to levels that do
not interfere with primary and secondary
productivity, nutrient cycling, and foodweb
support. Such a restored ecosystem would no
longer necessitate human health warnings about
consuming fish and wildlife caught in the Bay-
Delta estuary.

INTRODUCTION
STRESSOR DESCRIPTION

Contaminants are inorganic and organic
compoundsand biological pathogens that An estimated 5,000-40,000 tons of contaminants
introduce the risk of adverse physiologicalenter the Bay-Delta annually. They are
response in humans, plants, fish, and wildlifedistributed according to complex flow patterns
resources through waterborne or food-chainthat are heavily influenced by inflow from rivers
exposure. Contamination by these compoundsand the amount of water being pumped from the
may cause acute toxicity and mortality or long-Delta. Although research confirms that toxicants
term toxicity and associated detrimentalare affecting lower trophic-level resources to
physiological responses, such as reduced growthvarying degrees in the Bay-Delta, ecosystem- and
or reproductive impairment. Contaminant toxicitypopulation-level effects are not well understood.
has been documented in shellfish, fish, mammal,Researchers disagree about the role that
and bird species from the Bay-Delta. The mostcontaminants have played in the current poor
serious contaminant problems in the Bay-Deltahealth of the Bay-Delta.
and its mainstem rivers and tributaries come from
mine drainage, agricultural drainage, and urbanThere are three types of contaminants, inorganic,
runoff, organic, and biological, present in the Bay-Delta

~ ecosystem. Inorganic contaminants are
ERPP recognizes that water quality in the Deltasubstances such as heavy metals, phosphates, and
must be protected and improved for all beneficialnitrates that enter the Bay-Delta ecosystem
uses including municipal and domestic waterprimarily in treated municipal wastewater,
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industrial effluent, a~ricultural and mine drainage,kills, and long-term exposure is detrimental to
and urban runoff. Heavy metals in the watergrowth and impairs reproduction. Of immediate
column usually occur in trace amounts. They doconcern is the potential hazard associated with
not break down organically; however, even smallmine drainages just upstream of the spawning area
amounts of some metals can be toxic. In addition,for the endangered winter-run chinook salmon on
some metals bioaccumulate within food chains inthe Sacramento River. Because of elevated
plant and animal tissue to levels that can .be toxicmercury levels, the Bay-Delta, Clear Lake, and
to higher trophic organisms. The heavy metals ofLake Berryessa have consumer advisories for
greatest concern in mainstem rivers and tributariesconsumption of fish. There are various mercury
of the Bay-Delta are cadmium, copper, mercury, sources in the Sacramento River watershed
and zinc. including abandoned mines and Coast Range

geologic sources.
Or, gai~ic contaminants such as polychlorinated
biphenyls (PCBs), plastics, pesticides, fertilizers,In the San Joaquin River Basin, selenium leaches
solvents, pharmaceuticals, and detergents enterinto agricultural drainage water during intense
the ecosystem primarily through urban andirrigation of selenium-rich soils. Selenium has
agricultural runoff. Because theydecomposeverycaused reproductive failure in sensitive fish
slowly, some organic contaminants (e.g., DDTspecies and developmental deformities in
and PCBs) remain in the environment for longwaterfowl and shorebirds. Selenium is also
periods and may accumulate in aquatic foodwebsprevalent in the San Francisco Bay, resulting from
to levels that are toxic, oil refinery discharges. Loadings of selenium into

the Bay-Delta have caused an increase in
Biological pathogens, such as viruses, bacteria,concentrations of these contaminants in benthic
antt protozoans that cause disease, enter theinvertebrate, fish, and wildlife populations.
system through improperly treated municipalConcentrations of some contaminants in water,
sewage, septic systems, farm and feedlot runoff,sediments, and biota of the Bay-Delta estuary are
recreational boat discharges, and urban runoff. Ofelevated compared with levels at reference sites.
particular concern to humans are bacteria that
cause cholera, hepatitis, salmonella, and typhoid~In the Sacramento and San Joaquin River basins,

runoff from agricultural crops, pasturelands, and
Contaminams are present in varying degrees inorchards has introduced contaminants into
the water column and sediments of aquatictributaries and mainstem rivers, which ultimately
habitats in all 14 ecological zones of the ERPPflow into the Delta estuary and . Bay.
study area. Contaminants are suspected or knownOrganophosphate insecticides, such as carbofuran,
to adversely affect the sustainability of healthychlorpyrifos, and diazinon, are present throughout
aquatic f0odwebs and interdependent fish andthe Central Valley and are dispersed in
wildlife populations. They also may play a k~yagricultural and urban runoff. Dormant spray
role in altering the composition of biologicalpesticides enter rivers in winter runoff and enter
resources within affected aquatic and wetlandthe estuary in concentrations that can be toxic to
habitats, invertebrates. Although the use of these

chemicals has been banned, organochlorine
In the Sacramento River Basin, acidic drainagepesticides (e.g., chlordane, DDT, and toxaphene)
water from abandoned mine railings contributeand organochlorine compounds (e.g., PCBs)
significant amounts of cadmium, copper, zinc, andpersist in the environment. Because they
mercury to tributaries and mainstem rivers thataccumulate in living organisms, they can become
eventually flow into the Delta. Acute toxicitypotent toxicants to fish and wildlife as they move
caused by these trace metals has resulted in fishup through the foodweb. Chlorinated pesticides
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still being detected in fish and wildlife withinestuary. Water degradation from mine drainage
the Delta and throughout the world, water can be reduced by controlling runoff based

on water quality objectives for specific
Effluents from municipal and industrial sourcescontaminants; regrading, sealing, and reclaiming
are common components of mainstem riversstrip-mined lands by restoring physical habitat; or

¯ entering the Delta Estuary and Bay. Theseusing biological or chemical inhibitors to reduce
effluent flows may need to be reduced to restoreacid formation.
the health of native fish and wildlife by reducing
long-term and acute effects that alter aquaticIf necessary, financial incentives could be
foodwebs and impair the reproductive potential ofprovided to farmers who successfully implement
these species, practices to reduce contaminant loading in Central

Valley waterways. The successful reduction of
rice herbicides in the Sacramento River

VISION demonstrates that it is possible to successfully
control nonpoint-source contaminants through
cooperative efforts by farmers and regulators.

The vision regarding contaminants is to ensure
Land use conversion for habitat restoration has thethat all waters of mainstem rivers and tributaries

entering the Bay-Delta, and all waters of the Bay-potential to help reduce pesticide, herbicide,

Delta, are free of high concentrations of toxicmineral salt, and trace element loadings.
Converting land from agricultural uses to nativesubstances. The Ecosystem Restoration Program

Plan (ERPP) would prevent, control, or reduce wetland and upland ~habitats would reduce the

damaging levels of high-priority contaminants byconcentrations and loads of contaminants

remediating mine wastes, minimizing boatassociated with current agricultural uses.

discharges and dredging effects, managing flows,Modifying current farming practices in other areas

restoring habitat, .managing watersheds, andto be more "wildlife friendly" by changing

supporting existing programs for controllingcultivation practices, introducing postharvest
flooding, and reducing pesticide and herbicideagriculturalandurbanpointandnonpointsources.
application rates would also support reductions in
contaminants that could affect adjacent aquaticERPP recognizes the complexities inherent in

defining processes related to toxic substances andresources.

biological responses in the Bay-Delta estuary,
where processes operate over a wide range ofERPP also proposes to reduce the concentration of

space and time scales and flow regimes. Thecontaminants entering the Bay-Delta and its

process of ecosystem restoration would betributaries by improving drainwater management.

initiated by implementing actions to prevent,Measures could include reusing drainwater,

control, and reduce contaminant sources that
managing groundwater, scheduling releases to the

represent immediate or potential toxicologicalSan Joaquin River to coincide with flows

hazards to ecosystem processes. The followingsufficiently large to dilute concentration or

describes actions that would help to achieve theacquiring dilution flows from willing sellers,
installing drainwater evaporation systems, andERPPvisionfor contaminants.
encouraging on-farm bioremediation using flow-

One goal is to remediate abandoned mines that      through systems. Land may be retired and
irrigation stopped in areas where soils draincontributesignificantamountsof heavymetals;

sediments, acidified water, and other pollutants topoorly; overlay shallow, selenium-laden

tributaries and mainstem rivers, therebygroundwater tables; or are only marginally
productive.increasing contaminant loading to the Bay-Delta

~ ~
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Reducing urban and industrial contaminantStudies are needed to determine if sediments in
loading to the Bay-Delta estuarY could bethe Bay-Delta are toxic. Successfully reducing
accomplished by assisting formation ofcontaminant loadings will require working closely
partnerships between dischargers and regulators,with agencies that have regulatory authority to
Using this approach, incentives could be provideddevelop water and sediment quality objectives for
to encourage improved source control, bettercontaminants of concern for which none have
urban planning and development, and wastewaterbeen set.
recycling projects that reduce contaminants.

Dredging activities should be monitored and INTEGRATION WITH OTHER
practices developed and implemented to reduce
the release and resuspension of toxic substances in RESTORATION PROGRAMS
contaminated sediments and the discharge of
contaminated water from dewatering operations.
Studies are needed to evaluate opportunities forThe CALFED Water Quality Program goal is to
reuse of dredged material for proposed ERPP andprovide good water quality for environmental,
other habitatrestorationprojects, agricultural, drinking water, industrial, and

recreational beneficial uses. The water quality
Wetlands management should be considered as aprogram includes programmatic actions to reduce
possible means to improve water quality bywater quality degradation for agricultural
controlling natural, wastewater, and stormwaterdrainage, urban and industrial runoff, acid mine
contaminants. Wetlands can retain contaminant~drainage, wastewater and industrial discharges,
or reduce loadings by converting contaminantsand natural sources which affect Bay-Delta water
through biochemical processes to less-harmfulquality.
forms; wetlands also stabilize sediments. Without
properly managing contaminants, however,The geographic scope of the CALFED Water
wetlands can degrade and subsequently threatenQuality Program is the legally defined Delta. This
the food chains they is developing a strategy to resolve watersupport. program

quality problems that affect beneficial uses of the
Risks of bacterial and viral contamination fromestuary. Included in this strategy is the intent to
domestic wastewater could be reduced byresolve water quality problems for certain species
enforcing boat-discharge regulations in the Bay-(e.g., anadromous fish) that inhabit the Delta but
Delta estuary and tributaries, reducingmay be impacted at different life stages by
recreational overuse and building of recreationalconditions outside the Delta. In resolving the
homes near streams or Delta waterways, andwater quality problems of the Delta, CALFED
endorsing wastewaterreclamation projects, may undertake actions throughout the ERPP"

Study Area.
Point- and nonpoint-source contaminants can be
reduced by developing or implementing existingOther ongoing water quality and contaminant
watershed management plans that effectivelymonitoring programs are administered by the
reduce contaminant loadings affecting ecosystem.California Department of Water Resources, State
processes. Management practices that reduceWater Resources Control Board and the regional
loading include reducing contaminant loading towater quality control boards, U.S. Environmental
reservoirs, protecting groundwater, controllingProtection Agency, U.S. Geological Survey, local
erosion, reclaiming mines, better planning forwater districts, and many other local agencies and
land use, controlling animal waste, and screeningorganizations. Some of these programs have
and identifying nonpoint-source contaminants, made significant progress in controlling
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contaminant loading to the Bay-Delta, primarilyspecies and eliminate public health concerns
by controlling point-source discharges fromresulting from accumulation of toxins in tissues.
municipal wastewater treatment plants and
industrial facilities. Monitoring programs thatThe general target for contaminants is to reduce
identify long-term trends in contaminants found inloading, concentrations, and bioaccumulation in
ecosystem biota have helped to guide restorationthe food chain to levels that do not impair other "
efforts. Current programs in the Bay-Delta areefforts to restore health to fish, wildlife, and plant
beginning to focus on assessing the toxic effectspopulations in the ERPP Study Area.
on ecosystem processes, identifying transport and
fate of toxic substances, and quantifyingAgricultural point- and nonpoint-source controls
ecological responses to toxic substances, on pesticides, herbicides, mineral salts, and trace

elements could be achieved using best
management practices such as:

LINKAGE WITH OTHER
¯ improving irrigation and tillage techniques,

ECOSYSTEM ELEMENTS
¯ placing areal restrictions on pesticide spray

and using integrated pest management to
The presence of contaminants in the Bay-Delta reduce pesticide use and consequent
system can adversely impair efforts to restore fish, discharge to waterways during rainstorms,
wildlife, and plant species to a healthy state. The
individual species affected vary throughout thē improving fertilizer application technologies,
system and the adverse effects or presence of
contaminants varies as well. For example,̄ altering the amount of time pesticideSare
juvenile winter-run chinook salmon rearing in the present, and
Sacramento River below Keswick Dam can be
harmed by heavy metals originating from Iron̄ improving water-use efficiencies.
Mountain Mine. Lower in the system, all aquatic
organisms can be adversely effected after storms |by runoff of acute levels of pesticides applied in REFERENCES
the late winter and early spring to orchards.
Riparian communities can be adversely effected |by overspray of herbicides.                          Cutter, G.A. 1989. The estuarine behavior of

selenium in San Francisco Bay. Estuar.,
Coast. and Shelf Science 28:13-34.

IMPLEMENTATION OBJECTIVE~
TARGETS~ AND PROGRAMMATIC Gunther, A.F., J.A. Davis, D.J.H. Phillips, K.S.

Kramer, B.J. Richardson, and P.B. Williams.
ACTIONS                        1989. Status and trends report on dredging

and waterway modification in the San
Francisco Estuary. San Francisco Estuary

The implementation objective is to reduce Project.
concentrations and loading of contaminants in the
aquatic environment and the subsequentSan Francisco Regional Water Quality Control
bioaccumulation by aquatic species. Reducing Board. 1992. Mass emissions reduction
contaminants would increase survival of aquatic strategy for selenium. Staff Report. October

12, 1992.54 p.
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Varanasi, U., E. Casillas and J. Stein. 1993.
Contaminant levels and associated
biochemical effects in out migrating juvenile
chinook salmon in San Francisco Bay. Final
report - Year 1, Envir. Conserv. Div., NW
Fisheries Science Center, NMFS, NOAA,
Seattle,.Wa. 20 pp. + appendices.
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At lower elevations of the Bay-Delta watershed,
protecting riparian habitat, grassland, and
seasonal wetland habitats from catastrophic/
wildfires, while allowing carefully planned fires
during appropriate times of year in seasonal
wetlands and grasslands, is partictilarly important.

Fish and wildlife habitats should be protected
from accidental fires originating from adjacent
agricultural or recreation areas. At the same time,
agricultural and residential areas should be
protected from accidental fires originating in
adjacent fish and wildlife habitat or recreation
areas. Fire on Delta islands with high percentages
of organic peat soils should be suppressed to the
extent possible to avoid accelerated subsidence
that could undermine the stability of levees, roads,
and water conveyance structures..

INTRODUCTION                                      ST~SSOR DESC~PTION

Fire plays an important role in grassland andWildfires, under conditions of unnaturally high
shrubland health by reducing fuel and promotingfuel levels in tributary watersheds of the Bay-
plant succession and reproduction. By sup-Delta, threaten fish and wildlife habitats through
pressing fires, humans have had a large effect ondeforestation and resulting high levels of erosion
the ecological role of natural fires; however,and increased rates of surface runoff.
there are potential opportunities to expand the use
of prescribed fires for restoring and maintainingWildfires can adversely affect habitats for a
grassland and shrublands, variety of fish and wildlife species and plant

communities, including many special-status
Although fire is an important ecosystem process,species and plant communities. Coastal scrub
reducing catastrophic wildfires and theirand chaparral provide habitats for a variety of
consequences will help to achieve a healthierwildlife. Many rodents inhabit chaparral; deer
ecosystem that will better provide for the needs ofand other herbivores often make extensive use of
plants, animals, and people using the system,this habitat type, which provides critical summer
This healthy ecosystem would include a range offoraging areas, escape cover, and fawning
sustainable habitat types that provide waterhabitat. Chaparral provides a variety of habitat
supply, environmental, recreational, and aestheticneeds for birds including seeds, fruits, and
benefits that will be less vulnerable to the directinsects for food; protection from predators and
and indirect effects of catastrophic wildfires, climate; and singing, roosting, and nesting sites.

In California, oak woodland and savanna are
home to as many as 29 species of amphibians and

Volume 1: Ecosystem Restoration Program Plan 1
flAY-DELTA Vision for Fire

~, PI~O~I~ Draft." March 1998
332

C--006595
(3-006595



reptiles, 79 species of birds, and 22 species ofdeforestation and resulting high levels of erosion
mammals. Many species are also dependent onand increased rates of surface runoff.
annual and perennial grasslands. Some of the
more arid-grassland species, such as the SanThe Ecosystem Restoration Program Plan
Joaquin kit fox, are listed as threatened or(ERPP) proposed to manage and use fire as a tool
endangered under the California and federalto restore and maintain native habitats. Fire
Endangered Species Acts (ESAs). Riparianwould be used to maintain a matrix of landscape
habitats provide food; water; migration andconditions that should provide essential resources
dispersal corridors; and escape, nesting, andfor all species, especially communities or
thermal cover more than 147 species of birds andassemblages of species that are rare within the
55 species of mammals. ERPP study area. This should include restoring

conditions needed for natural plant succession
Fire i~ an important primary ecosystem processand germination throughout the landscape and for
that influences plant succession and germinationthe full range of ecosystemprocesses
and affects the amount and timing of runoff tocharacteristic to the area.
watershed streams. Fire suppression activities
have reduced the frequency and size of fires.
This intervention has, in certain locations and at INTEGRATION WITH OTHER
certain times, resulted in ever-increasing fuel-
load levels. In these areas, wildfires can be RESTORATION PROGRAMS
extremely damaging, burning at significantly
,higher temperatures than those under more
natural conditions that can adversely affect soilThe U.S. Forest Service, U.S. Bureau of Land
chemistry, remove all protective groundcover,Management, National Park Service, California
and the shrub Department of Forestry and Fire Protectiondestroy rootsO f crown-sprouting
species. (CDF), and local fire districts are charged with

implementing effective fire management, fire
Land uses, such as residential and industrialsuppression, and habitat restoration in their areas
development, land reclamation, livestockof responsibility. DFG and other resource
grazing, and agricultural practices, haveagencies have coordinated with agencies such as
contributed to changes in native plantCDF to develop annual fire suppression plans and
communities and fragmentation of habitats thathave provided input into the Fire and Resource
have made some areas more vulnerable toAssessment Program. Issues being addressed
catastrophic wildfires, include timing prescribed burns to avoid fawning

and nesting periods for ground-nesting birds and
implementing post-fire management practices that

VISION are consistent with restoring plant cbmmunities
that will help to support a healthy ecosystem.

The vision for wildfire is to thatsupportprograms
will reduce the acreage and frequency of LINKAGE WITH OTHER
catastrophic wildfires and the consequences, of ECOSYSTEM ELEMENTS
wildfires. Reducing the extent and effects of
wildfires in tributary watersheds of the Bay-Delta
would reduce the threats posed by catastrophicFire can adversely effect important habitats for

fish and wildlife and impair efforts to restore fish,
wildfireon fish and wildlifehabitatsthrough

wildlife, and plant communities to health. Fires
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can reduce riparian and riverine aquatic, perennial
grassland, and seasonal wetland habitats.
Although fire is an important ecological process,
the proliferation of invasive riparian and
saltmarsh plant species has increased the potential
adverse effects of fire. Some non-native plant
species burn at higher temperatures and
regerminate or survive at higher rates than native
species, thus have a competitive advantage and
can displace native species.

IMPLEMENTATION OBJECTIVE, I
TARGETS, AND PROGRAMMATIC

ACTIONS
!

1
The in~plementation objective is to reduce the ¯
acreage and frequency of catastrophic wildfires to
reduce their adverse effects on fish .and wildlife
and their habitats.

I

The following approaches would help to achieve                                                           ~.
this vision: |
¯ Assist and coordinate restoration efforts with

agencies currently responsible for managing i
the State’s shrublands and forests by
suppressing wildfires where forest
management has allowed fuel levels to 1
become excessive.

¯ Provide assistance to guide and implement
postfire management and habitat recovery
strategies to agencies charged with fire
management.

¯ Assist local fire .agencies in the Central
Valley to provide additional protection to fish
and wildlife habitat from catastrophic fires
and reduce the risk of fire from wildlife
habitats spreading to adjacent lands.

I
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1
FISH AND WILDLIFE HARVEST

also increase in to increasedspeciesresponse
abundance. Opportunities for increased access for
public hunting may also increase as a result of

1 proposed actions. For example, restorationsome
of wetland and upland habitats would involve
acquiring lands through conservation easements

1 or purchase from willing sellers and, depending
on the conditions of such agreements, access for
hunting may be provided.

Harvest management tools include regulations
that control daily and seasonal bag limits, size

i limits, limits based on sex, gear restrictions, and
open and closed harvest seasons based on time or
location.

!
STI SSO  D SC PT ON

INTRODUCTION
Controlling harvest, in and of itself, is unlikely to
restore fish and wildlife populations to a

Many Central Valley fish and wildlife speciessustainable healthy state. The present harvest
whose populations are declining are not harvestedmanagement processes are sufficient to protect
commercially or recreationally (e.g., delta smelt),species and allow population increases by

¯ This suggests that underlying problems withrestoring ecological processes that create and
ecosystem processes and functions and habitatmaintain habitats. The possible exception is
conditions throughout the Bay-Delta watershedrelated to chinook salmon and modestly reducing
are primary causes of the decline, harvest of this species may make a significant

contribution to restoring populations to desired

l For many populations, it is highly likely thatlevels. ERPP visions for chinook, salmon,
harvest restrictions, in the absence of ansteelhead, and striped bass emphasize reactivating

, integrated ecosystem management program, willor improving ecosystem processes that create and

.1 have little benefit in the long-term sustainabilitymaintain the habitats that support fish and wildlife
| ofthesespecies, populations. Conservative harvest strategies

during the period when habitats are being restored
Under current harvest levels, harvest is not awill accelerate the rebuilding offish and wildlife
stressor limiting populations of waterfowl andpopulations.
upland game in the Bay-Delta. Proposed
restoration of wetland and upland habitats is
expected to increase resident and wintering SALMON I-IARVEST
waterfowl and upland game populations.
However, the Ecosystem Restoration ProgramIn addition to applying the princi.ples of
Plan (ERPP) anticipates that harvest levels wouldtraditional harvest management, it is necessary to
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consider the complexities of the interactions andabundant runs such as the winter run and spring [].
dependencies between harvest, health of habitat,run.
and the overall productivity of individual salmon
populations. Harvest influences salmon One harvest strategy may be to implement a ¯
productivity by reducing the number of adult fishselective ocean fishery for hatchery stocks to
in the spawning population, the age structure ofreduce the harvest of naturally produced stocks.
the spawning population, and the overallThis would require the mass marking of all
fecundity (fertility) of the population becausehatchery chinook produced at Central Valley
older female fish are generally larger and carryhatcheries and perhaps in the Klamath basin,
more eggs. In a much broader perspective,Trinity basin, and southern Oregon. Another, and
harvest management should strive to protect theperhaps more realistic option, may be to consider
productive capacity of individual salmon stockseconomic incentives for commercial and
by purs~h~g the reasonable and essential objectivecharterboat operators, as well as local businesses
of protecting the genetic diversity of salmondependent on fishing to offset negative economic
populations upon’ which production ultimatelyimpacts associated with highly restrictive fishing.
depends.

Before 1986, harvest rates were estimated at 65-
Extensive ocean recreational and ocean75% (PFMC 1996), which may have been too
commercial troll chinook salmon fisheries existhigh to support a sustainable fishery. Beginning
along the California central coast, and an inlandin 1986, harvest rates increased coincidently with
recreational fishery exists in the Central Valley.the closure of the fishery north of Fort Bragg,
Support of these economic and recreational uses. California. This fishery was closed to meet
is an important component in the overall effort toharvest-sharing obligations on Klamath River
restore and maintain ecological health of thestocks to Native American Tribes. This closure
Central Valley ecosystem. Elimination ofshifted the ocean troll fishery south to the Central
chinook salmon harvest will not restore ecologicalValley index area. |
health to the system. Likewise, restoring
ecological processes in the absence of cons-Many conservation biologists believe that a
ervative short-term harvest management may notharvest rate of about 67% is a sustainable,
provide for a sufficiently rapid rebuilding ofconservative level for naturally spawning stocks,
naturally spawning chinook stocks. However,if quality habitat conditions exist inland.
past observations indicate that CentralValleyHatchery-produced stocks can support higher
chinook populations have the ability to rapidlyrates, but sustaining high rates in the ocean
increase in size when there are the requiredmixed-stock chinook fishery also requires high
riverine habitat conditions and sufficient flows forharvest of naturally produced stocks. ¯
juvenile rearing and emigration.

In 1996, the Pacific Fishery Management Council
Overall chinook salmon harvest rates must be(PFMC) increased the minimum size limits and
consistent with the ERPP goal of rebuildingdecreased season length in both recreational and
important salmon stocks as evaluated using thecommercial fisheries. These actions were
Cohort Replacement Rate method. Generally,implemented to reduce the fishery impacts on
stable chinook populations will exhibit a long-winter-run chinook salmon by 50%. Reducing
term average cohort replacement rate of 1.0.harvest is one of several major elements that will
During rebuilding (which may require 10-15contribute in both the short and long term to
years), harvest and inland conditions will berestoring healthy fish populations, but it will not
improving and rebuilding will require an averagecontribute to restoring health of important
replacement rate greater than 2.0 for the lessecological processes, functions, and habitat.

~.~ ~
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According to available information, it appears thatoperators to offset negative economic effects of
a sustainable chinook salmon fishery can beshort-term reduced harvest.
maintained if habitat conditions and ecosystem
processes are restored throughout the Bay-DeltaAttainment of the ERPP vision for chinook
watershed, and if the ocean harvest index onsalmon harvest will rely on actions by the
naturally producedfall-runehinooksalmonstocksCalifornia Fish and Game Commission and
is reduced by 10% below present levels. PFMC. PFMC and seven other regional councils

were created by the Magnuson Fishery
Alternative actions that may support harvestConservation and Management Act in 1976. Their
reductions include a selective fishery that targetsprimary role is to develop, monitor, and revise
only externally marked chinook salmon and thatmanagement plans for fisheries conducted within
releases unmarked fish. Selective fisheries can3 to 200 miles of the United States coast. PFMC
reduc~ harvest rates on unmarked fish by as muchdevelops plans for ocean fisheries off California,
as 70-80% for gear types with low release andOregon, and Washington.
dropoff (shaker) mortality rates. However, the
reduced harvest rates can be as little as 10-50%The ocean salmon fisheries off Washington,
for gear types with high release and dropoffOregon, and California have been managed by the
mortality rates. The application and benefits of aPFMC since I977 by using Fishery Management

for the central California Plans Since the of the 1985selectivefishery coast (FMP). beginning
ocean mixed-stock fishery are unknown. Theseason, the ocean salmon fishery has been
potential effectiveness of a selective fishery inmanaged by a framework FMP that allows
increasing spawning of unmarked flexibility to adjust annual regulations inescapements response
fish depends on the following factors: to varying stock abundance.

¯ the proportion of a naturally spawning stock The framework FMP contains fixed management
that would be harvested by the fishery in theobjectives and goals that guide the PFMC’s
absence of selective regulations, choice of flexible annual management measures.

Within specified limits, PFMC may vary season
¯ the impact of nonselective fisheries thatlength, management boundaries, bag limits, gear

harvest unmarked fish that are released inrestrictions, and quotas annually to achieve the
selective fisheries, fixed objectives of the FMP. Some of the major

provisions of the FMP are a description of the
¯ the degree to which reduction in totalsalmon stocks comprising the management unit,

abundance caused by mortality resulting frommanagement objectives, and escapement goals
application of tags or other distinguishingand procedures for determining and allocating
marks increases harvest rates in nonselectiveocean harvests and in-season management
fisheries that operate under catch quotas orprocedures.
bag limits, and

It is important to distinguish ERPP’s vision for
¯ the magnitude of harvest rate reductionschinook salmon and the roles and responsibility of

resulting from the selective fishery, other management authorities, particularly PFMC.
Although ERPP provides a long-term

In addition to considering the potentialcomprehensive plan to restore~ the ecosystem
implementation of a mass marking and selectivehealth of the Bay-Delta system, the harvest
fishery along the California coast; ERPP is alsomanagement objectives of PFMC are to:
considering the feasibility of providing economic
incentives for commercial and charterboat
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¯ establish ocean harvest rates for commercial̄ Assume a more aggressive role in protecting
and recreational fisheries that are consistent and enhancing anadromous and marine fish
with requirements for optimum spawning habitat. PFMC will play a leadership and
escapements, treaty obligations, and coordination role to support the agencies
continuance of established recreational and having management responsibilities and
commercial fisheries within the constraints of authorities.
meeting conservation and allocation
objectives. ¯ Manage for viable salmon stocks and

maintain genetic diversity. PFMC recognizes
¯ minimize fishery mortalities for those fish not that in areas of importance to particular

landed from all ocean salmon fisheries as stocks, habitat degradation and water
consistent with optimum yield; development may leave no alternative but to

manage for hatchery production .or a
¯ manage and regulate fisheries so the optimum combination of hatchery and natural

yield encompasses the quantity and value of production.
food produced and the recreational, social,
and economic values of the fisheries; ¯ Strengthen its efforts to work with other

jurisdictions, both domestic and international,
¯ develop fair and creative approaches to to manage stocks of fish over their entire

managing fishing effort and evaluate and range.
apply management systems as appropriate to
achieve these management objectives; ¯ Strongly support development of concepts

and practices for managing mixed-stock and
¯ achieve long-term coordination with the multispecies complexes and rebuild those

member states of PFMC, the treaty Native complexes to best meet the economic and
American tribes, and management entities allocation objectives of PFMC.
that are responsible for salmon habitat or
production in the development ofa coastwide ¯ Support additional data collection and
salmon management plan; analyses that will improve the basis for

management measures.
¯ manage in a manner consistent with any

United States-Canada salmon treaty; and ¯ Develop management measures that constrain
incidental catches of fish and other animals

¯ support the enhancement of salmon stock within acceptable limits while target species
abundance in fishing-effort management are being harvested.
programs to facilitate a returnto
economically viable and socially acceptable
commercial, recreational, and tribal seasons. STEELIIEAD TROUT HARVEST

In addition to its management objectives, PFMCThe harvest of both naturally and hatchery-
has established a set of conservation goals, manyproduced juvenile steelhead takes place
of which are consistent with ERPP. Inthroughout the Sacramento basin. Juvenile
recognizing that maintenance of a healthyharvest is not desirable because it reduces the
resource is necessary to achieve continuingfuture adult population size, the opportunity for
benefits to the nation, PFMC will adhere to the anglers to harvest adult steelhead, and the overall
following conservation goals: productivity and fecundity of spawning

populations.
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More restrictive angling regulation may beERPP suppo~s the legal harvest of striped bass
necessary to protect steelhead from overharvestbecause it has not caused the decline in abundance
and still allow anglers the opportunity forthat hasoccurredsincethe 1960sand 1970s. At
continued sport fishing. The following elementsthe same time, efforts to curtail illegal harvest
might be considered as additional protective(taking undersized fish and catching over limits)
measures for steelhead: catch-and-release fishingshould be vigorously continued. The goal of
only, catch-and-release fishing where hooked fishincreased legal harvest should be attained by
are not removed from the water to decreasemaintaining present angling regulations while
handling mortality, size limits to protect eitherincreasing the abundance of adult fish. Although
juvenile fish or larger adult spawners, angler participation most likelyexpand asand will
barbless hooks to reduce latent mortality, fishing success increases, it is .anticipated that

present angling regulations will keep harvest rates
ERPP special recognition of the at sustainable levels (<20%).supports
steelhead fishery of the Yuba River as an
important wild steelhead fishery. As part of this
recognition, ~egulations should be enacted to WHITE STURGEON I-IARVEST
protect this valuable stock while allowing
controlled angling opportunities that have aWhite sturgeon provides for an important
minimal adverse effect on the spawningrecreational fishery in the Bay-Delta. Although,
population. ERPP also supports prohibiting thecommercial fishing for sturgeon is prohibited in
harvest of juvenile steelhead and rainbow trout.inCalifornia, historical accounts indicate that
the Yuba River while providing anglers with’commercial fisheries greatly reduced west coast
opportunities for catch-and-release fishing forsturgeon pophlations, including the Sacramento-
wild steelhead in other streams. San Joaquin population, in the late 1800s. As a

result, all sturgeon fishing was prohibited in 1917;
the fishery was reopened in 1954 to sport angling

STRIPED BASS HARVEST only. With the exception of 1956 to 1963, when
the minimum size limit was raised to 50-inch total

Adult striped bass support the most importantlength (TL), the sport fishery had the same
sport fishery in the Sacramento-San Joaquinregulations from its inception until 1989: a year-
estuary, and the condition of this fishery isround season, 40-inch TL minimum size limit and
publicly recognized as a barometer of the status ofa one-fish-per-day creel limit.
the estuary and its biological resources.
Statewide, more than 400,000 anglers fish forAlthough fluctuations in legal-sized white
striped bass and most of this effort is directed atsturgeon abundance have been primarily
the Sacramento-San Joaquin estuary population,dependent on variable recruitment, historical
Unfortunately, because of the depressed state ofdepletion by the commercial fishery indicates that
the population, the present annual harvest ofthe population is readily subject to overharvest.
striped bass from the Sacramento-San JoaquinConsequently, a 40% increase in the average
system is only about 80,000 fish. Recent annualannual harvest rate from 7% in the 1960s and
harvest have from 9-14%. In the 1970s 10% in the 1980s forrates ranged to wascause concern
early 1970s, when striped bass were moreand was the impetus for angling regulation
abundant and more anglers fished, harvest rates ofchanges in the early 1990s. Starting in 1990, a
16-24% led to the harvest of more than 300,000 maximum size limit of 72 inchesinstitutedwas
legal-sized fish annually. Annual harvest mayand the minimum size limit was increased in 2-
have reached 750,000 fish from the highinch annualinerementsuntilitreached46inches
populations of the early 1960s. in 1992. This slot limit is designed toprotect
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older, more productive fish and younger fish thatBy its very nature, illegal harvest is difficult to
will be recruited into the spawning population andcontrol or eliminate. ERPP envisions that the
also to reduce overall harvest. California Fish and Game Code will be enforced

by increasing law enforcement officer staff and
These angling regulations have achieved theirthat reductions in the illegal take of fish and
purpose; estimated harvest rates have been <3%wildlife could make important contributions in
in recent years. Therefore, ERPP envisions ¯rebuilding depleted stocks. ERPP also envisions
supporting the present harvest strategy thatthat directed enforcement is only one avenue to
protects the white sturgeon from overexploitationreduce illegal harvest and that a strong public
while providing anglers with a sustainable trophyeducation program is critical to the success of the
fishery, enforcement effort.

tL~IWEST OF WILDLIFE ’VISION

Under current harvest levels, harvest is not a
stressor limiting populations of waterfowl andThe vision for fish and wildlife harvest is to
upland game in the Bay-Delta. Because proposedsupport strategies that maintain a sustainable
restoration of wetland and upland habitats iscommercial and recreational chinook salmon
expected to increase resident and winteringfishery in a manner consistent with the recovery;
waterfowl and upland game populations, however,of individual stocks; steelhead trout harvestERPP anticipates that harvest levels would alsostrategies thatincrease in response to incl;eased speciesstocks while redirectingfUlly proteCtharvestnaturallYto spawninghatchery_
abundance. Opportunities for increased access forproduced stocks; the continued legal harvest ofpublic hunting may also increase as a result ofstriped bass and reduction of illegal harvest; and
some proposed actions. For example, restorationthe present white sturgeon harvest strategy, which
of wetland and upland habitats would involveprotects the species from overexploitation whileacquiring lands through conservation easements

providing a sustainable trophy fishery.
or purchase from willing sellers and, depending
on the conditions of such agreements, access for

The vision for salmon harvest is to implement
hunting may be provided, strategies that support and maintain sustainable

commercial and recreational fisheries. Achieving
this vision would be consistent with ecosystem

ILLEGAL I-IA.RVEST OF FIsH ANO WILDLIFE restoration and recovery of endangered species
and species of special concern. ERPP proposes

The illegal harvest offish and wildlife is known toboth short-term and long-term strategies for
be a problem throughout the Bay-Delta watershed,harvesting chinook salmon.
It may range from the illegal take of adult spring-
run chinook salmon from their oversummering

The short-term strategy is to support the
habitats in the upper sections of stream tributaryrebuilding of chinook salmon stocks to desired
to the Sacramento River, to the illegal take oflevels by reducing harvest of naturally produced
undersized striped bass in the Delta. Illegalfish.
harvest can also be in the nature of a more
commercial activity such as using gillnets to catchThe long-term strategy is to increase chinook
adult salmon, sturgeon, and striped bass in thesalmon populations by restoring important
Delta for sale and profit, ecosystem processes and reducing or eliminating

stressors that cause direct and indirect mortality.
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In the long-term vision, ERPP anticipatesreduce the adverse effects to a level consistent
sustainable ocean commercial harvest landings ofwith restoring fish and wildlife populations.
750,000 to 1,500,000 chinook salmon and
recreational landings of 500,000 to 750,000 per
season. INTEGRATION WITH OTHER

The vision for steelhead trout is to support harvest RESTORATIONPROGRAMS
strategies that fully protect naturally spawning
stocks while redirecting harvest to hatchery-
produced stocks. This will require a markingThree major programs to restore chinook salmon
program similar to the mass marking programand steelhead populations exist within the Central
proposed for chinook salmon, except the numberValley.
of fist, to mark would be lower. In this vision,
adult steelhead harvest would be directed tō The Secretary of the Interior is required by
steelhead produced at Coleman National Fish the Central Valley Project Improvement Act

Battle Feather River to double the natural production of CentralHatcheryon Creek, Hatchery
on the Feather River, Nimbus Hatchery on the Valley anadromous fish stocks by 2002
American River, and Mokelumne River Fish (USFWS 1997).
Installation on the Mokelumne River. Harvest of
these stocks would also occur on the mainstem of̄ The National Marine Fisheries Service is
the SacramentoRiver. required under the federal Endangered

Species Act to develop and implement a
The vision for striped bass harvest is to support recovery plan for the endangered winter-run
artificial production needed to sustain annual chinook salmon and to restore the stock to
recreational harvest of about 20% of the adult levels that will allow its removal from the list
population. The vision for striped bass is closely of endangered species (NMFS 1997).
integrated with visions for other ecosystem
elements that will contribute to higher survival of̄ The California Department of Fish and Game
resident, estuarine, and anadromous fish. This is required under State legislation (The
higtier survival will be achieved through extensive Salmon, Steelhead Trout and Anadromous
habitat restoration, reduction or elimination of Fisheries Program Act of 1988) to double the
stressors, and the reactivation of ecological numbers of salmon and steelhead trout that
processes that create and maintain habitats, were present in the Central Valley in 1988

(Reynolds et al. 1993, McEwan and Jackson
The vision for white sturgeon is to support the 1996).
annual recreational harvest of less than 3% of the
adult population which will protect population In addition the Fish and Game Commission
while providing opportunity for a trophy fishery, adopts regulations for the harvest of fish and
The vision for white sturgeon is also closelywildlife, sets seasons, bag limits, closed areas,
linked to the visions for Central Valleygear restrictions and a variety of other tools to
streamflows, habitat improvement, and thecontrol the harvest of fish and wildlife species.
reduction of elimination of stressors that causeThe Pacific Fishery Management Council
direct and indirect mortality to young fish. annually sets harvest regulations for the areas

the Pacific Coast south of British Columbia.along
The vision for illegal harvest is that increased
enforcement efforts and public education will

Volume 1: Ecosystem Restoration Program Plan
Vision for Fish and Wildlife Harvest

Draft; March 1998

341

C--006604
(3-006604



LINKAGE WITH OTHER ¯ Reduce ocean harvest rates to 40-50%.

ECOSYSTEM ELEMENTS ¯ Mark all hatchery produced steelhead and
evaluate the benefits of implementing a ¯
selective fishery which targets only marked

One of the most important components of the fish.
ERPP is restoring health to fish populations in the
ERPP Study Area. Some of these species, such as̄ Provide special recognition to the Yuba River
winter-run chinook salmon, are State or federally as an important wild steelhead fishery.
listed endangered species. Others species, such as
splittail and steelhead, are species of concern, and̄ Augment the striped bass population and
spring-run chinook salmon is designated a recreational fishery byartificial production.
monitore.g species by the Fish and Game
Commission. Overall health offish and wildlifē Maintain the existing regulations for the
species is closely linked to the health of white sturgeon trophyfishery.
ecological processes that create and maintain
habitats needed by these species. Improving thē Increase enforcement efforts directed at
ecological functions will also improve habitat, illegal harvest.
Concurrently, a reduction or elimination of. 1
stressors will contribute to improved functions,̄ Develop a public education progrm’n designed
habitats, and species, to reduce the illegal harvest of fish and

wildlife in the ERPP Study Area.
I

IMPLEMENTATION OBJECTIVE,
REFERENCESTARGETS, AND PROGRAMMATIC

ACTIONS
McEwan, D.. And T.A. Jackson. 1996. Steelhead

Restoration and Management Plan for
The implementation objective is to regulate California. California Department ofFish and
harvest to the extent necessary to avoid impairing Game. 234 p.
the reproductive capacity of the populations in
relation to available habitats. NMFS 1997. NMFS proposed recovery plan for

the Sacramento River winter-run chinook ¯
The general target is to control harvest in a salmon. National. Marine Fisheries Service,
manner which contributes to attainment of fish August 1997.
population goals established by State arid federal ~                                                ¯
legislation and in a manner consistent withPFMC 1978. Final environmental impact
restoration of ecosystem health, statement/fishery management plan for

commercial and recreational salmon fisheries
Actions which will contribute to this vision of the coasts of Washington, Oregon and |
include: California commencing in 1978.Pacific

FisheryManagementCouncil. 1978.
¯ Adaptive management and focused research

programs to mark hatchery produced chinook PFMC 1 996. Review of the 1995 ocean salmon
salmon to provide harvest and return data to fisheries. Pacific Fishery Management
better manage harvest. Council. February 1996. |
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Reynolds, F.L., T.J. Mills, R. Benthin, and A.

Low. 1993. Restoring Central Valley
Streams: A Plan for Action. California
Department of Fish and Game. 189 p.

USFWS 1997. Revised draft anadromous fish
restoration plan: a plan to increase the natural

¯ I production of anadromous fish in the Central
Valley of California. U. S. Fish and Wildlife
Service, May 30, 1997, 112 p.
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ARTIFICIAL FISH PROPAGATION

sustaining naturally spawning population levels
present in the late 1960s and early 1970s
(approximately three million adults).

STRESSOR DESCRIPTION

Five hatcheries currently produce chinook salmon
in the Central Valley. The three largest hatcheries
(Coleman, Feather River, and Nimbus) are in the
Sacramento River Basin (Table 5), and the
Mokelumne and Merced River hatcheries are in
the San Joaquin Basin. Most of these salmon
hatcheries were constructed between 1940 and
1970 as mitigation for specific dams and water

INTRODUCTION projects, and are funded by mitigation agreements
with State, federal, and public agencies and
monies collected from commercial salmon fishers.

The Ecosystem Restoration Program Plan (ERPP)
recognizes that artificial propagation of fish hasBefore 1967, Nimbus and Coleman were the only
been an important tool used by salmon managershatcheries with substantial production rates, but
in the Central Valley for over a century. Thebetween 1967 and 1991, total Central Valley
intended goal of hatchery operation hassalmon production nearly doubled. Central
consistently been for mitigatiorv--typically for theValley hatcheries now produce an annual average
non-retrievable loss of valuable migration,of nearly 33 million juvenile fall-run chinook,
holding, spawning, rearing, and emigrationmore than one million juvenile spring-run
habitats that were cut off by large damschinook, about 0.6 million juvenile late-fall-run
throughout the Central Valley. chinook, ~and more than 2.5 million juvenile

steelhead,
Hatchery production makes a significant
contribution to commercial and sport fisheries asReleasing large, numbers of hatchery fish,
well as their role in providing mitigatiofi for losshowever, can pose a threat to wild chinook stocks.
of habitats from the construction of large dams.Potential consequences include genetic impacts on
ERPP envisions the integration of an effectivewild fish (e.g., outbreeding and inbreeding),
management program of existing or new hatcherycompetition for food and other resources between
facilities with harvest and population managementwild and hatchery fish, predation of hatchery fish
strategies that will work together to restore andon wild fish, and increased fishing pressure on
sustain the health offish species dependent on thewild stocks as a result of hatchery production
Bay-Delta. In addition, the artificial propagation (Waples 1991). Potential impacts to native gene
of striped ba.ss would be an interim measure topools must be evaluated in light of evidence for
provide for the maintenance of a healthygenetic changes in hatchery stocks (e.g., random
population and valuable sustainable sport fisherygenetic drift, selection, stock transfers, and
until such time that striped bass are capable ofstraying), which can determine the nature and
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CENTRAL VALLEY SALMON AND STEELHEAD PRODUCTION I-IATCHERIES AND THE AVERAGE ANNUAL

PRODUCTION OF CHINOOK SALMON AND STEELHEAD

Average Annual Production

Chinook Salmon Stock

Facilit),~ and Period of RecordLocation Fall Sprin~ Late-FallWinter Steelhead

Feather River Hatchery Feather 7,434,000 1,219,0002 N.P.3 N.P. 751,000
(1968-1993) River

Nimbus Hatchery American 8,810,000 N.P. N.P. N.P. 767,000
(1965-1993) River

Mokelumne River Hatchery Mokelumne 946,000 N.P. N.P. N.P. 161,000
(1965-1993) River

Merced River Hatchery Merced 579,000 N.P. N.P. N.P. N.P.
(1970-1993) River

Coleman National Fish HatcheryBattle 14,941,000 N.P. 639,000 26,000 814,000
(1940-1993) Creek4

Sum of average statewide 32,710,000 1,219;000 639,000 26,000 2,493,000
production

1 facilities the California of Fish and that National Fishoperatedby Department Game,except Coleman
Hatchery is operated by the U.S. Fish and Wildlife Service.

2 Spring-run chinook propagated at Feather River Hatchery are believed to have interbred with fall-run chinook.

3 N:P. = not produced.

4 Battle Creek is a tributary of the Sacramento River.

magnitude of interactions be~-ween hatchery andthe great genetic similarity among all Central
wild fish. Valley chinook populations makes it difficult to

detect genetieimpacts from hatchery releases. An
There is little evidence with which to evaluatealternative hypothesis that cannot be disproved
past and current genetic impacts of Central Valleywith present data is that Central Valley hatchery
salmonid hatchery programs on the naturallystocks have diverged little from their wild
spawning chinook salmon and steelheadancestors, in which case the near-term genetic
populations. Bartley and Gall (1990), usingimpacts of hatchery programs might be minimal.
protein electrophoresis, found that populations ofDNA studies may shed light on this problem
chinook salmon from Central Valley hatcheries(Nielsen et al. 1994).
were genetically similar to wild populations and
speculated that the releasing hatchery fish in theThe general literature on the genetic impacts of
Delta may have resulted in abnormally highartificial propagation programs on Pacific
straying and gene flow to native stocks. However,salmonids suggests that Central Valley hatcheries
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could have serious, direct and indirect, negative[] for the Feather River, 26% average for 1975-
effects on the naturally spawning chinook salmon 1987 (Cramer 1990) and 78% average for
and steelhead. Straying hatchery fish, for 1975-1984 (Dettrnan and Kelley 1987);
example, is a major cause of hybridization
between hatchery and wild fish (Waples 1991).[] for the American River, 29% average for
Although straying, primarily among neighboring 1975-1987 (Cramer 1990) and 86.6% average
streams, is a natural phenomenon, hatchery fish for 1975-1984 (Dettman and Kelley 1987);
have been documented to stray farther and at a
higher rate than wild fish. In the Central Valley,[] for the middle Sacramento River, 40%
two hatchery practices in particular might average for1975-1987(Cramer 1990);and
contribute to elevated straying levels: trucking
smolts and yearlings to distant sites for release[] for the upper Sacramento River, 41% average
and transferring eggs and young fish between for 1975-1988 (Cramer 1990).
hatcheries. These are both practiced at Feather
River and Nimbus hatcheries.

VISION
Increased production and survival of hatchery
chinook salmon have resulted in increasing
contributionsof hatcheryfishto adult spawning      The existing level of reliance on artificially
escapements since 1967. When hatcheries areproduced fish in the Central Valley is clear
successful at producing adult fish, the potentialevidence that there are great deficiencies in theharvest rate may become very high. Fewer adultsexisting ecosystem processes that create and
are needed to maintain a hatchery run because ofmaintain habitat for anadromous fish. Extensive
high survival from eggs to smolts under hatcheryrestoration activities will be required to shift the
conditions. This plants high percentages ofbalance backto naturally produced fish
returning hatchery fish to be harvested while stillpopulations.sustaining the hatchery run. As harvest rates are
raised to match the potential productivity ofThe vision for the artificial propagation offish is
hatchery stocks, wild stocks may becomeclosely linked to ERPP visions for harvest,
overfished, chinook salmon, steelhead trout, and striped bass.

Cumulatively, these visions present a robust
Current harvest rates of Central Valley chinook

integration of production, harvest, and restoration
salmon stocks are high enough to adversely affect
the natural production in some rivers and

targets .and actions that will contribute
substantially to restoring and maintaining a

adversely affect naturally produced chinook
healthy ecosystem and healthy populations ofsalmon stocks. Accurate quantification of thevaluable sport and commercial fisheries.

Central Valley hatchery contribution to the ocean
catch of chinook salmon has not been developed
because of the lack of a consistent hatchery
marking program in the Central Valley. INTEGRATION WITHOTHER
Nonetheless, Dettman and Kelley (1987) RESTORATION PROGRAMS
estimated that from 1978 through 1984, an
average of 11% of ocean catches off California
comprisedFeatherRiverhatcheryfish, andan Three major programs to restore chinook salmon
average of 13% comprised American Riverand steelhead populations exist within the Central
hatchery fish. The percentage of annual Valley. The Secretary~ofthe Interior is required
contributionsof hatcheryfishto escapementin by the Central Valley Project Improvement Act
recent years has been estimated as follows: (Public Law 102-575) to double the natural
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production of Central Valley anadromous fish IMPLEMENTATION OBJECTIVE~
stocks by 2002 (USFWS 1995). The National
Marine Fisheries Service is required under theTARGETS~ AND PROGRAMMATIC
federal Endangered Species Act to develop and ACTIONS
implement a recovery plan for the endangered
winter-run chinook salmon and to restore the
stock to levels that will allow its removal from theThe implementation objective for artificial
list of endangered species. NMFS released thispropagation of fish is to reduce the potentially
document in August 1997 (NMFS 1997). In adverse effects of stocking artificially produced
August 1996, NMFS published a proposed rule to fish throughout Central Valley rivers and streams
list tem Evolutionarily Significant Units westin order to increase the survival of naturally
coast steelhead at threatened or endangered underproduced fish, contribute to long-term restoration
the ESA. Included in this proposed rule was agoals, and maintain the genetic diversity of
proposal to list the Central Valley stock ofnaturally producing populations of chinook
steelhead as endangered. NMFS subsequentlysalmon and steelhead populations.
deferred list the Central Valley steelhead stock for
six month due to scientific disagreement about theThe general targets for the artificial production of
status of the stock,                              fish are:

The California Department of Fish and Game is̄ propagation programs would be managed
required under State legislation (The salmon, consistent with rehabilitation of chinook

salmon and steelhead stocks and theSteelheadTrout and AnadromousFisheries
Program Act of 1988) to double the numbers of conservation of ecological and genetic values;
salmon and steelhead trout that were present in
the Central Valley in 1988 (Reynolds et al. 1993, propagationprogramswouldadopta goalof
McEwan and Jackson 1996).                           maintaining the genetic diversity that exists

between and within hatchery and naturally

LINKAGE WITH OTHER
spawningpopulations;

ECOSYSTEM ELEMENTS ¯ all artificially propagated fish should receive
identifiable marks; and

¯ decision making about the uses of hatcheries
One of the most important components of the and artificially propagat.ed fish should occurERPP is restoring health to fish populations in the

within the context of a fully implemented
ERPP Study Area. Some of these species, such as adaptive management program that focuses
delta smelt and winter-run chinook salmon, are on restoration of ecological processes and
State or federally listed endangered species while habitats, not simply the number and quality of
others, such as splittail and steelhead, are species fish successfully propagated.
of concern. Artificial production programs in the
ERPP Study Area need to be consistent with the
principles of maintaining genetic diversity of
natural stocks. These programs also need to be REFERENCES
adaptive and implement operations to limit
hatchery and wild fish interactions to reduce
competition, predation, and the potential spread ofBartley, D. M., and G. A. E. Gall. 1990. Genetic

and flow in chinook salmondiseases. structure gene
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"species" under the Endangered Species Act.
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DISTURBANCE

The vision includes providing opportunities for
recreational boating in a manner that reduces the
impacts of those activities on fish and wildlife.
This could be achieved by improving recreational
boating opportunities in selected areas of the
Delta for both motorized and nonmotorized craft
while reducing or eliminating boating by closing
sensitive biological areas during specific seasons.

NTRESSOR DESCRIPTION

INTRODUCTION
Recreational boating is a popular activity in the
ERPP study area, particularly in the Sacramento-

Disturbance resulting from human activities canSan Joaquin Delta and Suisun Marsh/North San
adversely affect habitat for a substantial variety ofFrancisco Bay Ecological Zones. Boating
fish, wildlife, and plant communities includingactivities include the use of small, human-
many special-status species and plantpowered craft, such as canoes and kayaks, and
communities listed as endangered or threatenedindividual motorized craft such as jet skis, sail
on the California and federal Endangered Speciesboats, boats ranging from small fishing skiffs to
Acts (ESAs) lists. The types of disturbanceski boats, and larger pleasure craft. Wind surfing
include those associated with recreational boating,is also expanding in popularity. Excessive,
angIing and picnicking, airplane and vehicleunrestricted boating activities can result in
traffic, and the secondary effects of residentialincreased erosion of adjacent channel banks,
development adjacent to wildlife habitat increased turbidity, and conflicts with other boat

operators using the same channels.
The Ecosystem Restoration Program Plan (ERPP)
proposes to reduce disturbance where species,Angling and picnicking are also popular activities.
such as the Swains0n’s haw.k, nest. EstablishingUnrestricted human entry for these and other
habitat buffers around sensitive habitat or wildlifeactivities has contributed to levee degradation in
use areas (e.g., Swainson’s hawk nest sites)the Delta, littering, and wildfires and can increase
screens wildlife from disturbance associated withthe likelihood of trespass and vandalism on

vehicle traffic and reduces recreation- lands.motor private
related disturbance while still allowing for careful
wildlife observation activities. Vehicle traffic close to wildlife habitat reduces

the value of that habitat to wildlife, particularly to
Carefully designing recreational access points canspecies such as the greater sandhill crane.
also reduce the level of disturbance on wildlifeAircraft traffic (both fixed-wing and helicopter)
(e.g., locating access points to avoid impacts toassociated with the application of agricultural
levees and to keep trespassing and vandalism ofchemicals can also contribute to the disturbance
private lands to a minimum), of wildlife in the Delta.
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Disturbance associated ~vith the pets of people LINKAGE WITH OTHER
who live near wildlife habitat can result in
harassment of wildlife, particularly ground- ECOSYSTEM ELEMENTS
nesting birds.

Human caused disturbance adversely affects
habitats and species. Boat wake shoreline erosion

VISION can impair ERPP efforts to protect and restore
shoreline vegetation and shallow water emergent
vegetation, particularly in the Delta and along the
mainstem Sacramento and San Joaquin Rivers.

The vision for disturbance is to reduce the adverseHuman presence can also disturb populations ofeffects of boating and other recreational activities,
special status fish, wildlife, and plant species.

temporary, habitat disturbances, and other human
activities on wildlife and their habitats in the Bay-
Delta.

IMPLEMENTATION OBJECTIVE,
ERPP’sgeneral approach to achieving the vision TARGETS, AND PROGRAMMATIC
for this stressor will be to ensure that the location
of restored habitat takes into account adjacent ACTIONS
land uses, that adequate buffer areas to protect
against disturbance are used, and that recreational
activities are managed to avoid or minimizeThe implementation objective for disturbance is to
conflicts with fish and wildlife habitat,reduce human activities that adversely affect
Recreators should be provided with adequatewildlife behavior or cause habitat destruction.
facilities in areas that are not sensitive to fish andReducing these activities would increase
wildlife and where trespass onto adjacent privatereproductive success and contribute to restoration
lands can be avoided, of important species.

The following approaches would help achieve this

INTEGRATION WITH OTHER vision:

RESTORATION PROGRAMS ¯ Cooperate with agencies responsible for
managing the State’s recreational activities to
ensure properly sized and sited facilities will

Agencies charged with regulating activities within be provided and maintained.
their respective jurisdictions include the U.S.
Coast Guard,~ California Department of Boating¯ Cooperate with the Department of Boating
and Waterways, Califomia Department of Parks and Waterways, U.S. Coast Guard, and local
and Recreation, local park districts such as the mariner organizations to identify the need and
East Bay Municipal Parks District, local sheriffs feasibility of, and implement where feasible,
in the affected counties, California Department of seasonal boating closures in sensitive wildlife
Fish and Game, California DepartmentofWater use areas while maintaining alternative
Resources, and U.S. Fish and Wildlife Service. boating opportunities.
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